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Claims: 

1 . A catalyst comprising (A) a metallocene type complex of a transition metal of the 
group V of the Periodic Table, which is a compound represented by the following 
general formula: 



RMX; • L 



a 



wherein R represents a cyclopentadienyl group, a substituted cyclopentadienyl 
group, an indenyl group, a substituted indenyl group, a fluorenyl group or a 
substituted fluorenyl group; M represents a compound of the group V transition 
metal; X represents a hydrogen atom, a halogen atom, a Ci_ 2 o hydrocarbon group, 
an alkoxyl group or an amino group; L represents a Lewis base; and a represents 0, 
1 or 2; or which is a compound represented by the following general formula: 
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RM • L a 

wherein R represents a cyclopentadienyl group, a substituted cyclopentadienyl 
group, an indenyl group, a substituted indenyl group, a fluorenyl group or a 
substituted fluorenyl group; M represents a compound of the group V transition 
metal; L represents a Lewis base; and a represents 0, 1 or 2; 

(B) an ionic compound of a non-coordinating anion and a cation, wherein the 
non-coordinating anion is selected from the group composed of tetra(phenyl)borate, 
tetra(fluorophenyl)borate, tetrakis(difluorophenyl)borate, 
tetrakis(trifluorophenyl)borate, tetrakis(tetrafluorophenyl)borate, tetrakis(penta 
fluorophenyl)borate, tetrakis(tetrafluoromethylphenyl)borate, 
tetrakis(3,5-bistrifluoromethylphenyl)borate, tetra(tolyl)borate, tetra(xylyl)borate, 
triphenyl(pentafluorophenyl)borate, tris(pentafluorophenyl)(phenyl)borate, 
tridecahydride-7,8-dicarbaundecaborate, tetrafluoroborate, and 
hexafluorophosphate; the non-coordinating cation is selected from the group 
composed of carbonium cation, oxonium cation, ammonium cation, phosphonium 
cation, cycloheptatrienyl cation, and ferrocenium cation containing transition 
metal; 

(C) an organic metal compound of an element of the groups I to III of the Periodic 
Table, which is selected from the group composed of organic aluminum compound, 
organic lithium compound, organic magnesium compound, organic zinc compound, 
and organic boron compound; 

(D) water; 

wherein the molar ratio of (C)/(D) is from 0.66 to 5. 

2. The catalyst according to any one of Claims 1, wherein said transition metal of the 
group V of the Periodic table is vanadium. 

3. The catalyst according to any one of Claims 1, wherein said element of the groups I 
to III of the Periodic table is aluminum. 

4. A process for the preparation of a conjugated diene polymer, which comprises 
polymerizing a conjugated diene compound in the presence of a catalyst defined in 
any one of Claims 1 . 

5. The process for the preparation of a conjugated diene polymer according to Claim 
4, wherein the polymerization of a conjugated diene compound is effected in the 
presence of hydrogen. 

6. The process for the preparation of a conjugated diene polymer according to Claim 
4, wherein the polymerization of a conjugated diene compound is carried out by 
bulk polymerization. 

7. The process for the preparation of a conjugated diene polymer according to Claim 
4, wherein the polymerization of a conjugated diene compound is effected in an 
aromatic compound as a solvent. 

8. The process for the preparation of a conjugated diene polymer according to Claim 
4, wherein the polymerization of a conjugated diene compound is effected in an 
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aliphatic compound as a solvent. 

9. The process for the preparation of a conjugated diene polymer according to Claim 
4, wherein the polymerization of a conjugated diene compound is effected in 
2-butene as a solvent. 

10. The process for the preparation of a conjugated diene polymer according to any 
one of Claims 4, wherein said conjugated diene compound is a conjugated diene 
compound mainly composed of butadiene. 

1 l.The process for the preparation of a conjugated diene polymer according to Claim 
10, wherein said organic metal compound of the groups I to HI of the Periodic table 
(C) and said water (D) have previously been allowed to come in contact with each 
other. 

12. The process for the preparation of a conjugated diene polymer according to Claim 
10, wherein said molar ratio of (C)/(D) is from 0.7 to 1.5. 

13. The process for the preparation of a conjugated diene polymer according to Claim 
10, wherein the polymerization is preceded by the contact with a catalyst 
component at a temperature of not higher than 40°C for 1 to 60 minutes. 

14. A polybutadiene obtained by the process for the preparation of a conjugated diene 
polymer according to Claim 10, wherein the content of 1 ,2-structure unit, 
cis-l,4-structure unit and trans- 1 ,4-structure unit in the butadiene monomer unit are 
from 4 to 30 mol%, from 65 to 95 mol% and not more than 5 mol%, respectively, 
and the ratio (T cp /MLi +4 ) of toluene solution viscosity (T cp ) to Mooney viscosity at 
100°C (ML, +4) is from 2 to 6. 
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Abstract of TW 475938 (B) 

The present invention provides a process for the production of a conjugated diene polymer having a 
controlled microstructure at a high polymerization activity in the presence of a metallocene type complex 
of compound of transition metal of the group V of the Periodic Table. A novel catalyst is provided 
comprising (A) a metallocene type complex of a transition metal of the group V of the periodic table, (B) 
an ionic compound of a non-coordinating anion and a cation, (C) an organic metal compound of the 
groups I to III and (D) water, wherein the molar ratio of (C)/(D) is from 0.66 to 5.; A novel process for the 
production of a conjugated diene polymer is also provided, which comprises the polymerization of a 
conjugated diene compound in the presence of a catalyst comprising (A) a metallocene type complex of 
a transition metal of the group V of the periodic table, (B) an ionic compound of a non-coordinating anion 
and a cation, (C) an organic metal compound of the groups I to III and (D) water, wherein the molar ratio 
of (C)/(D) is from 0.66 to 5. 
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(57) ABSTRACT 

The present invention provides a process for the production 
of a conjugated diene polymer having a controlled micro- 
structure at a high polymerization activity in the presence of 
a metallocene type complex of compound of transition metal 
of the group V of the Periodic Table. A novel catalyst is 
provided comprising (A) a metallocene type complex of a 
transition metal of the group V of the Periodic Table, (B) an 
ionic compound of a non-coordinating anion and a cation, 
(C) an organic metal compound of the groups I to III and (D) 
water, wherein the molar ratio of (C)/(D) is from 0.66 to 5. 
A novel process for the production of a conjugated diene 
polymer is also provided, which comprises the polymeriza- 
tion of a conjugated diene compound in the presence of a 
catalyst comprising (A) a metallocene type complex of a 
transition metal of the group V of the Periodic Table, (B) an 
ionic compound of a non-coordinating anion and a cation, 
(C) an organic metal compound of the groups I to HI and (D) 
water, wherein the molar ratio of (C)/(D) is from 0.66 to 5. 

15 Claims, No Drawings 
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(1) A catalyst comprising (A) a metallocene type complex 
of a transition metal of the group V of the Periodic table, (B) 
an ionic compound of a non-coordinating anion and a cation, 
(C) an organic metal compound of an element of the groups 

I to III of the Periodic Table and (D) water, wherein the 5 
molar ratio of (C)/(D) is from 0.66 to 5. 

(2) The catalyst according to Clause (1), wherein said 
metallocene type complex of a transition metal of the group 

V of the Periodic table (A) is a compound represented by the 
following general formula: l° 

RMX 3 .L fl 

wherein R represents a cyclopentadienyl group, a substituted 
cyclopentadienyl group, an indenyl group, a substituted 
indenyl group, a fiuorenyl group or a substituted fluorenyl 
group; M represents a compound of the group V transition 
metal; X represents a hydrogen atom, a halogen atom, a 
C1-20 hydrocarbon group, an alkoxyl group or an amino 
group; L represents a Lewis base; and a represents 0, 1 or 2. 

(3) The catalyst according to Clause (1), wherein said 
metallocene type complex of a transition metal of the group 

V of the Periodic table (A) is a compound represented by the 
following general formula: 



RM.L, 



25 



wherein R represents a cyclopentadienyl group, a substituted 
cyclopentadienyl group, an indenyl group, a substituted 
indenyl group, a fluorenyl group or a substituted fluorenyl 
group; M represents a compound of the group V transition 30 
metal; L represents a Lewis base; and a represents 0, 1 or 2. 

(4) The catalyst according to any one of Clauses (1) to (3), 
wherein said transition metal of the group V of the Periodic 
table is vanadium. 

(5) The catalyst according to any one of Clauses (1) to (4), 35 
wherein said element of the groups I to III of the Periodic 
table is aluminum. 

(6) A process for the preparation of a conjugated diene 
polymer, which comprises polymerizing a conjugated diene 
compound in the presence of a catalyst defined in any one of 40 
Clauses (1) to (5). 

(7) The process for the preparation of a conjugated diene 
polymer according to Clause (6), wherein the polymeriza- 
tion of a conjugated diene compound is effected in the 
presence of hydrogen. 45 

(8) The process for the preparation of a conjugated diene 
polymer according to Clause (6) or (7), wherein the poly- 
merization of a conjugated diene compound is carried out by 
bulk polymerization. 

(9) The process for the preparation of a conjugated diene 50 
polymer according to Clause (6) or (7), wherein the poly- 
merization of a conjugated diene compound is effected in an 
aromatic compound as a solvent. 

(10) The process for the preparation of a conjugated diene 
polymer according to Clause (6) or (7), wherein the poly- 55 
merization of a conjugated diene compound is effected in an 
aliphatic compound as a solvent. 

(11) The process for the preparation of a conjugated diene 
polymer according to Clause (6) or (7), wherein the poly- 
merization of a conjugated diene compound is effected in 60 
2-butene as a solvent. 

(12) The process for the preparation of a conjugated diene 
polymer according to any one of Clauses (8) to (11), wherein 
said conjugated diene compound is a conjugated diene 
compound mainly composed of butadiene. 65 

(13) The process for the preparation of a conjugated diene 
polymer according to Clause (12), wherein said organic 



metal compound of the groups I to III of the Periodic table 
(C) and said water (D) have previously been allowed to 
come in contact with each other. 

(14) The process for the preparation of a conjugated diene 
polymer according to Clause (12), wherein said molar ratio 
of (C)/(D) is from 0.7 to 1.5. 

(15) The process for the preparation of a conjugated diene 
polymer according to Clause (12), wherein the polymeriza- 
tion is preceded by the contact with catalyst components at 
a temperature of not higher than 40° C. for 1 to 60 minutes. 

(16) A polybutadiene obtained by the process for the 
preparation of a conjugated diene polymer according to 
Clause (12), wherein the content of 1,2-structure unit, cis- 
1,4-structure unit and trans-l,4-structure unit in the butadi- 
ene monomer unit are from 4 to 30 mol-%, from 65 to 95 
mol-% and not more than 5 mol-%, respectively, and the 
ratio (T tf/ /ML l4>4 ) of toluene solution viscosity (T c/ ,) to 
Mooney viscosity at 100° C. (ML 1+4 ) is from 2 to 6. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Examples of the metallocene type complex of a com- 
pound of transition metal of the group V of the Periodic 
Table include compounds represented by the following 
general formulae: 



R„MX 2 ^ ri .L a 

R n MX 3 _„.L a 

RMX 3 .L B 

RM(0)X 2 X a 

R„MX 3 _„(NR') 



CO 
(2) 
(3) 
(4) 
(5) 
(6) 



In the formulae, n represents 1 or 2; and a represents 0, 1 
or 2. 

M represents a transition metal of the group V of the 
Periodic Table. Specific examples of the transition metal 
include vanadium (V), niobium (Nb), and tantalum (Ta). 
Preferred among these transition metals is vanadium. 

R represents a cyclopentadienyl group, a substituted 
cyclopentadienyl group, an indenyl group, a substituted 
indenyl group, a fluorenyl group or a substituted fluorenyl 
group. 

Examples of substituents on the substituted cyclopenta- 
dienyl group, substituted indenyl group or substituted fluo- 
renyl group include a straight-chain aliphatic hydrocarbon 
group or branched aliphatic hydrocarbon group such as 
methyl, ethyl, propyl, iso-propyl, n-butyl, iso -butyl, sec- 
butyl, t-butyl and hexyl, an aromatic hydrocarbon group 
such as phenyl, tolyl, naphthyl and benzyl, and a hydrocar- 
bon group having silicon atom such as trimethylsilyl. Fur- 
ther examples of the substituted cyclopentadienyl group 
include those comprising cyclopentadienyl ring connected 
to part of X with a crosslinking group such as dimethylsilyl, 
dimethyl methylene, methyl phenyl methylene, diphenyl 
methylene, ethylene and substituted ethylene. 

Specific examples of the substituted cyclopentadienyl 
group include methyl cyclopentadienyl group, 1 ,2-dimethyl 
cyclopentadienyl group, 13 -dimethyl cyclopentadienyl 
group, l,3-di(t-butyl)cyclopentadienyl group, 1,2,3- 
trimethyl cyclopentadienyl group, 1,2,3,4-tetramethyl 
cyclopentadienyl group, pentamethyl cyclopentadienyl 
group, l-ethyl-23,4,5-tetramethyl cyclopentadienyl group, 
l-benzyl-2,3,4,5-tetramethyl cyclopentadienyl group, 
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Examples of tetra -substituted cyclopentadienyl vanadium 
trichloride include (1, 2,3,4- tetramethyl cyclopentadienyl) 
vanadium trichloride, and (1,2,3,4- 
tetraphenylcyclopentadienyl)vanadium trichloride. 

(vi) Penta-substituted cyclopentadienyl vanadium trichlo- 
ride 

Examples of penta-substituted cyclopentadienyl vana- 
dium trichloride include (pentamethylcyclopentadienyl) 
vanadium trichloride, (1 ,2,3,4-tetramethyl-5- 
phenylcyclopentadienyl)vanadium trichloride, and 

l-methyl-2,3,4,5-tetraphenylcyclopentadienyl)vanadium 
trichloride. 

(vii) Indenyl vanadium trichloride 

(viii) Substituted indenyl vanadium trichloride 
Examples of substituted indenyl vanadium trichloride 

include (2-methylindenyl)vanadium trichloride, and 
(2-trimethylsilylindenyl)vanadium trichloride. 

(ix) Monoalkoxide, dialkoxide and trialkoxide obtained 
by substituting chlorine atom in the compounds (i) to 
(viii) by alkoxy group 

Examples of these groups include cyclopentadienyl vana- 
dium tri(tert-butoxide), cyclopentadienyl vanadium tri(iso- 
propoxide), cyclopentadienyl vanadium dimethoxychloride, 
cyclopentadienyl vanadium di(iso-propoxy)chloride, cyclo- 
pentadienyl vanadium di(tert-butoxy)chloride, cyclopenta- 
dienyl vanadium di(phenoxy)chloride, cyclopentadienyl 
vanadium iso-propoxy dichloride, cyclopentadienyl vana- 
dium tert-butoxydichloride, and cyclopentadienyl vanadium 
phenoxydichlotide . 

(x) Methylated compound obtained by substituting chlo- 
rine atom in the compounds (i) to (ix) 

(xi) Compounds comprising R*s connected to each other 
with hydrocarbon group or silyl group 

Examples of these compounds include (t-butylamide) 
dimethyl (r| 5 -cyclopentadienyl) silane vanadium dichloride, 
(t-butylamide)dimethyl(trimethyl-T| 5 -cyclopentadienyl) 
silane vanadium dichloride, (t-butylamide)dimethyl 
{tetramethyl-Tj 5 -cyclopentadienyl)silane vanadium dichlo- 
ride. 

(xii) Dime thyla ted compounds obtained by substituting 
chlorine atom in the compounds (xi) by methyl group 

(xiii) Monoalkoxylated and dialkoxylated compounds 
obtained by substituting chlorine atom in the com- 
pounds (xi) by alkoxy group 

(xiv) Compounds obtained by substituting monochlori- 
nated compounds (xiii) by methyl group 

(xv) Amidated compounds obtained by substituting chlo- 
rine atom in the compounds (i) to (viii) by amide group 

Examples of the amidated compounds include 
cyclopentadienyl(trisdiethyl amide) vanadium, 
cyclopentadienyl(tris-iso-propyl amide) vanadium, 
cy elope n tad ienyl(tris-n-octyl amide) vanadium, 
cyclopentadienyl(bisdiethylamide)vanadium chloride, 
cyclopentadienyl(bis-iso-propylamide)vanadium chloride, 
cyclopentadienyl(bis-n-octylamide)vanadium chloride, 
cyclopentadienyl(diethylamide)vanadium dichloride, 
cyclopentadienyl(iso-propylamide)vanadium dichloride, 
cyclopentadienyl(n-octylamide)vanadium dichloride, 
(trimethylsilylcyclopentadienyl)(trisdiethylamide)vanadiu 
m, (trimethylsilylcyclopentadienyl) (tris-iso-propylamide) 
vanadium, (trimethylsilylcyclopentadienyl)(tris-n- 
octylamide) vanadium, (trimethylsilyl cyclopentadienyl) 
(bisdiethyl amide) vanadium chloride, 
(trimethylsilylcyclopentadienyl) (bis-iso-propylamide) 
vanadium chloride, (trimethylsilylcyclopentadienyl) (bis-n- 



octylamide) vanadium chloride, (trimethylsilyl 
cyclopentadienyl)(diethyiamide)vanadium dichloride, 
(trimethylsilylcyclopentadienyl)(iso-propylidene)vanadium 
dichloride and (trimethylsilylcycIopentadienyl)(n- 
5 octyl amide) vanadium dichloride. 

(xx) Methylated compounds obtained by substituting 
chlorine atom in the compounds (xv) by methyl group 
Specific examples of the compound represented by 
RM.L a include cyclopentadienyl(benzene)vanadium, 

10 cyclopentadienyl(toluene)vanadium, cyclopentadienyl 
(xylene)vanadium, cyclopentadienyl(trimethylbenzene) 
vanadium, cyclopentadienyl(hexamethylbenzene) 
vanadium, cyclopentadienyl(naphthalene) vanadium, 
cyclopentadienyl(anthracene)vanadium, cyclopentadienyl 

15 (ferrocene)vanadium, methylcyclopentadienyl (benzene) 
vanadium, 1,3-dimethyl cyclopentadienyl(benzene) 
vanadium, l-butyl-3-methyl cyclopentadienyl(benzene) 
vanadium, tetramethylcyclo pentadienyl(benzene) 
vanadium, pentamethylcyclopentadienyl(benzene) 

20 vanadium, trimethylsilylcyclopentadienyl(benzene) 
vanadium, l,2-bis(trimethylsilyl)cyclopentadienyl(benzene) 
vanadium, l,3-bis(trimethylsilyl)cyclopentadienyl(benzene) 
vanadium, indenyl (benzene)vanadium, 2-methylindenyl 
(benzene)vanadium, 2-trimethylsilylindenyl(benzene) 

25 vanadium, fluorenyl(benzene)vanadium, cyclopentadienyl 
(ethylene)(trimethylphosphine)vanadium, cyclopentadienyl 
(butadiene)(trimethylphosphine)vanadium, 
cyclopentadienyl(l,4-diphenylbutadiene) 
(trimethylphosphine)vanadium, cyclopentadienyl(l, 1,4,4- 

30 letraphenylbutadiene)(trimethylphosphine)vanadium, 
cyclop entadienyl(2, 3- dime thylbutadiene) 
(trimethylphosphine)vanadium, cyclopentadienyl(2,4- 
hexadiene)(trimethylphosphine)vanadium, cyclopentadi- 
enyl tetracarbonyl vanadium, and indenyl tetracarbonyl 

35 vanadium. 

Specific examples of the compound represented by 
R„MX 2 _„.L <2 wherein n is 1 include those having other 
a-connecting ligands hydrogen a torn, halogen a toms such as 
chlorine, bromine and iodine, hydrocarbon groups such as 

40 methyl, phenyl, benzyl, neopentyl, trimetylsilyl and 
bistrimethylsilylmethyl, hydrocarbon oxy groups such as 
methoxy, ethoxy and iso-propoxy or hydrocarbon amino 
groups such as dimethylamino, diethylamino, di-iso- 
propylamino and dioctylamino. 

45 Specific examples of the compound represented by 
R H MX 2 .„.L fl wherein n is 2 include those having various 
cycloalkadienyl rings ^connected to each other with a 
crosslinking group such as Me 2 Si, dimethylmethylene, 
methylphenylmethylene, diphenylmethylene, ethylene and 

50 substituted ethylene. 

Other examples of ligands which can be incorporated in 
the compound represented by R„MX 2 _„.L a include neutral 
Lewis bases such as olefin, diene, aromatic hydrocarbon, 
alkyne, amine, amide, phosphine, ether, ketone and ester. 

55 Preferred among these ligands are Lewis bases free of active 
hydrogen. 

Specific examples of the compound represented by 
R„MX 2-n .L (I wherein n is 1 include chlorocyclopentadienyl 
(tetrahydrofuran)vanadium, chlorocyclopentadienyl 

60 (trimethyphosphine)vanadium, chlorocyclopentadienyl bis 
(trimethylphosphine)vanadium, chlorocyclopentadienyl 
(l,2-bisdimethylphosphinoetharie)vanadium, 
ch lorocyclopen tadienyl( 1 ,2-b isdipheny lphosphinoeth ane) 
vanadium, chlorocyclo pentadienyl(triphenylphosphine) 

65 vanadium, chlorocyclo pentadienyl(tetrahydrothiophene) 
vanadium, bromocyclo pentadienyl(tetrahydrofuran) 
vanadium, iodocyclopentadienyl(tetrahydrofuran) 
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dium dichloride, (1 ,3-bis(trimethyl silyl)cyclopentadienyl) 
oxo vanadium dichloride, indenyloxo vanadium dichloride, 
(2-methylindenyl)oxo vanadium dichloride, 
(2-trimethylsilylindenyl)oxo vanadium dichloride, and fluo- 
renyloxo vanadium dichloride. 5 

Other examples of the compound represented by RM(O) 
^ include dimethylated compounds obtained by substitut- 
ing chlorine atom in the foregoing compounds by methyl 
group. 

Further examples of the compound represented by RM(O) 10 
X 2 include those wherein R and X are connected to each 
other with a hydrocarbon or silyl group. Examples of these 
compounds include amidechloride compounds such as 
(t-butylamide) dimethyl (r| 5 -cyclopentadienyl) silaneoxo 
vanadium chloride and (t-butylamide)dimethyl(tetramethyl- 15 
-rj 5 -cyclopentadienyl)silaneoxo vanadium chloride, and 
methylated compounds obtained by substituting chlorine 
atom in these compounds by methyl group. 

Further examples of these compounds include 

cyclopentadienyloxo vanadium dimethoxide, 20 
cyclopentadienyloxo vanadium di(iso-propoxide), 
cyclopentadienyloxo vanadium di(tert-butoxide), 
cyclopentadienyloxo vanadium diphenoxide, 
cyclopentadienyloxo vanadium methoxy chloride, 25 
cyclopentadienyloxo vanadium iso-propoxychloride, 
cyclopentadienyloxo vanadium tert-butoxychloride, and 
cyclopentadienyloxo vanadium phenoxy chloride. 
Other examples of these compounds include methylated 3Q 
compounds obtained by substituting chlorine atom in the 
foregoing various compounds by methyl group. 
Examples of these compounds include 

(cyclopentadienyl)(bisdiethylamide)oxo vanadium, 

(cyclopentadienyl)(bisdiiso-propylamide)oxo vanadium, 35 
and 

(cyclopentadienyl)(bisdi-n-octylamide)oxo va nadium . 

Specific examples of the compound represented by 
R„MX 3 _ n (NR') include cyclopentadienyl (methylimide) 
vanadium dichloride, cyclopentadienyl(phenylimide) 40 
vanadium dichloride, cyclopentadienyl(2,6- 
dimethylphenylimide)vanadium dichloride, 
cyclopentadienyl(2,6-di-iso-propyl phenylimide)vanadium 
dichloride, (methylcyclopentadienyl)(phenylimide) 
vanadium dichloride, (1,3-dimethyl cyclopentadienyl) 45 
(phenylimide)vanadium dichloride, (l-butyl-3- 
methylcyclopentadieny l)(phenylimide) vanadium 
dichloride, (pentamethylcyclopentadienyl)(phenylimide) 
vanadium dichloride, indenyl(phenylimide)vanadium 
dichloride, 2-methylindenyl(phenylimide)vanadium 50 
dichloride, and fluorenyl(phenylimide) vanadium dichloride. 

Other examples of the compound represented by 
R„MX3_ n (NR f ) include those wherein R and X are con- 
nected to each other with a hydrocarbon or silyl group. 
Examples of these compounds include amidechloride com- 55 
pounds such as (t-buty lamide)dimethyl(r| 5 - 
cyclopentadienyl)silane(phenylimide)vanadium chloride 
and (t-butylamide)dime thyl(tetramethyl-Ti 5 - 
cyclopentadienyl)silane(phenylimide)vanadium chloride, 
and methylated compounds obtained by substituting chlo- 60 
rine atom in these compounds by methyl group. 

Further examples of the compound represented by 
R„MX3_„(NR') include those wherein R*s are connected to 
each other with a hydrocarbon or silyl group. Examples of 
these compounds include imidechloride compounds such as 65 
dimethylbis(T| 5 -cyclopentadienyl)silane(phenylimide) 
vanadium chloride, dimethylbis (T| 5 -cyclopentadienyl)silane 
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(tolylimide) vanadium chloride, mmethylbis(tetramethyl-'ri 5 - 
cy clopen tad ien y l)silan e(p heny limide) van ad ium chloride 
and dimethyl(tetramethyl-r| 5 -cyclopentadienyl)silane 
(tolylimide)vanadium chloride, and methylated compounds 
obtained by substituting chlorine atom in these compounds 
by methyl group. 

Further examples of these compounds include cyclopen- 
tadienyl vanadium(phenylimide)dimethoxide, cyclopentadi- 
enyl vanadium(phenylimide)di-iso-propoxide, cyclopenta- 
dienyl vanadium(phenylimide)(iso-propoxy)chloride, 
(cyclopentadienyl)(bisdiethylamide)vanadium 
(phenylimide), and (cyclopentadienyl)(bis-iso-propylamide) 
vanadium(phenylimide). 

Examples of the non-coordinating anion constituting the 
ionic compound made of a non-coordinating anion and a 
cation in the component (B) of the present invention include 
tetra(phenyl)borate, tetra(fluorophenyl)borate, tetrakis 
(difluorophenyl)borate, tetrakis(trifluorophenyl)borate, 
tetrakis(tetrafluorophenyl)borate, tetrakis(penta 
fluorophenyl)borate, tetrakis(tetrafiuoromethylphenyl) 
borate, tetrakis(3,5-bistrifiuoromethylphenyl)borate, letra 
(toly l)borate , tetra(xyly l)borate, triphenyl 
(pentafluorophenyl)borate, tris(pentafluorophenyl)(phenyl) 
borate, tridecahydride-7,8-dicarbaundecaborate, 
tetrafluoroborate, and hexafluorophosphate. 

On the other hand, examples of the cation constituting the 
ionic compound made of a non-coordinating anion and a 
cation in the component (B) of the present invention include 
carbonium cation, oxonium cation, ammonium cation, phos- 
phonium cation, cycloheptatrienyl cation, and ferrocenium 
cation containing transition metal. 

Specific examples of the carbonium cation include trisub- 
stituted carbonium cations such as triphenyl carbonium 
cation and tri-substituted phenyl carbonium cation. Specific 
examples of the tri-substituted phenylcarbonium cation 
include tri(methylphenyl)carbonium cation, and tris 
(dimethyl phenyl)carbonium cation. 

Specific examples of the ammonium cation include tri- 
alkyl ammonium cations such as trimethyl ammonium 
cation, triethyl ammonium cation, tripropyl ammonium 
cation, tri(i-butyl)ammonium cation and tri(n-butyl) 
ammonium cation, N,N-dialkyl anilinium cations such as 
N,N-dimethyl anilinium cation, N,N-diethyl anilinium cat- 
ion and N,N-2,4,6-pentamethyl anihnium cation, and dialkyl 
ammonium cations such as di(i-propyl)ammonium cation 
and dicyclohexyl ammonium cation. 

Specific examples of the phosphonium cation include 
triaryl phosphonium cations such as triphenyl phosphonium 
cation, tri(methylphenyl)phosphonium cation and tris 
(dimethy lpheny l)phosphonium cation . 

As the foregoing ionic compound there may be preferably 
used one comprising in combination components arbitrarily 
selected from the group consisting of the foregoing non- 
coordinating anions and cations. 

Preferred examples of the ionic compound include triph- 
enylcarbonium tetrakis(pentafluorophenyl)borate, triphenyl- 
carbonium tetrakis(3,5-bistrifluoromethylphenyl)borate, 
triphenylcarbonium tetrakis(fluorophenyl)borate, N,N- 
dimethylanilium tetrakis(pentafluorophenyl)borate, N,N- 
dimethylanilium tetrakis(3,5-bistrifluoromethylphenyl) 
borate, and l,l'-dimethylferrocenium tetrakis 
(pentafluorophenyl)borate. 

These ionic compounds may be used singly or in com- 
bination of two or more thereof. 

Examples of the organic metal compound of element of 
the group I to III of the Periodic Table as the component (C) 
of the present invention include organic aluminum 
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erably from 10 minutes to 12 hours, even more preferably 
from 10 minutes to 6 hours, particularly from 30 minutes to 
6 hours. 

The material to be polymerized is subjected to polymer- 
ization for a predetermined period of time. If necessary, a 5 
stopper such as alcohol is then added to terminate the 
polymerization. If necessary, the pressure in the polymer- 
ization tank is relaxed. The product is then subjected to 
post- treatment such as washing and drying. 

The use of the polymerization process of the present 
invention makes it possible to produce a polybutadiene 10 
having a 1,2-structure content of from 4 to 30%, preferably 
from 5 to 25%, more preferably from 5 to 20%, particularly 
from 7 to 15%, a cis-1, 4-structure content of from 65 to 
95%, preferably from 70 to 95%, more preferably from 70 
to 92%, and a trans- 1, 4-structure content of not more than 15 
5%, preferably not more than 4.5%, particularly from 0.5 to 
4.0%. 

If the microstructure falls outside the above defined range, 
the resulting polymer leaves something to be desired in 
reactivity (graft reactivity or crosslinking reactivity). If used 20 
as an additive or the like, the polymer gives deteriorated 
rubber properties, disadvantageous^ affecting the balance 
of physical properties and external appearance. 

In accordance with the polymerization process of the 
present invention, a polybutadiene having an intrinsic vis- 25 
cosity [n] of from 0.1 to 20 as determined in toluene at 30° 
C. can be produced. 

Further, the use of the polymerization process of the 
present invention makes it possible to produce a polybuta- 
diene having a weight-average molecular weight of from 30 
10,000 to 4,000,000 as determined by GPC with polystyrene 
as a standard substance. 

The polybutadiene produced according to the present 
invention exhibits a Tcp/ML 1+4 ratio of from 2 to 6, pref- 
erably from 2.5 to 5 wherein Tcp is toluene solution vis- 35 
cosity and ML 1+4 is Mooney viscosity at 100° C. 

The toluene solution viscosity (Tcp) of the polybutadiene 
of the present invention is from 20 to 500, preferably from 
30 to 350. 

The Moonery viscosity (ML 1+4 ) of the polybutadiene of 40 
the present invention is from 10 to 200, preferably from 20 
to 100. 

The molecular weight of the polybutadiene of the present 
invention is from 0.1 to 10, preferably from 0.1 to 5, as 
calculated in terms of intrinsic viscosity frj] determined in 45 
toluene at 30° C. 

These polybutadienes can be preferably used as an impact 
modifier for polystyrene. 

The monomer to be polymerized is preferably allowed to 
come in contact with the foregoing catalyst components at a 50 
temperature of 40° C. for 1 to 60 minutes before polymer- 
ization. In other words, the monomer to be polymerized is 
preferably subjected to prepolymerization at a predeter- 
mined temperature in the presence of the foregoing catalyst. 
The prepolymerization of the present invention can be 55 
accomplished by gas phase process, slurry process, bulk 
process or the luce. The solid matter obtained in the prepo- 
lymerization process may or may not be separated before the 
subsequent polymerization. 

The prepolymerization time is normally not more than 60 
600 minutes, preferably not more than 120 minutes, more 
preferably from 30 seconds to 120 minutes. If the prepoly- 
merization time falls outside the above defined range, it is 
disadvantageous in that the subsequent polymerization is 
effected at an insufficient activity. 65 

The prepolymerization is effected in the presence of the 
various catalyst components at a temperature of not higher 
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than 40° C, preferably from -100° C. to 40° C, more 
preferably from -50° C. to 40° C. If the prepolymerization 
temperature falls outside the above defined range, the sub- 
sequent polymerization is effected at a remarkably lowered 
activity. Further, polymerization proceeds too far during the 
prepolymerization, giving a process problem. 

During the prepolymerization, hydrogen may be present 
as necessary. The amount of hydrogen to be present in the 
polymerization is preferably not more than 500 mmol or not 
more than 12 liter at 20° C. and 1 atm., more preferably not 
more than 50 mmol or not more than 1.2 liter at 20° C. and 
1 atm., particularly from 0.005 to 20 mmol or from 0.0001 
to 0.48 liter at 20° C. and 1 atm. based on 1 mol of the 
conjugated diene used. 

The present invention will be further described in the 
following examples, but the present invention should not be 
construed as being limited thereto. 

The microstructure of polybutadiene was analyzed by 
infrared absorption spectroscopy. In some detail, the micro- 
structure of polybutadiene was calculated from the ratio of 
absorption intensity at 740 cm" 1 for cis-1, 4-structure, 967 
cm -1 for trans-1, 4-structure and 911 cm -1 for 1,2-structure 
(vinyl). 

For the evaluation of molecular weight distribution, the 
ratio of Mw/Mn was determined wherein Mw is weight- 
average molecular weight determined by GPC with poly- 
styrene as a standard substance and Mn is number- average 
molecular weight. 

The intrinsic viscosity [tj] of polybutadiene was deter- 
mined in toluene solution at 30° C. 

Mooney viscosity (ML 1+4 ) of the polymer was deter- 
mined in accordance with JIS K 6300. 

Toluene solution viscosity (T c ^) of the polymer was 
determined by dissolving 2.28 g of the polymer in 50 ml of 
toluene, and subjecting the toluene solution of the polymer 
to the viscosity measurement by a Canon Fenske viscometer 
No. 400 using a viscometer-correction standard liquid in 
accordance with JIS Z 8809 at a temperature of 25° C. 

EXAMPLES 1 TO 14 

Into a 1.5 liter autoclave in which the air within had been 
replaced by nitrogen was charged 400 ml (248 g) of 1,3- 
butadiene. The material was then stirred. To the material was 
then added water (H 2 0) as set forth in Table 1. The mixture 
was then stirred for 30 minutes to make a solution. 
Subsequently, hydrogen gas was introduced into the auto- 
clave in an amount of 200 ml as determined at 20° C. and 
1 atm. by an integrating mass flow meter. Subsequently, 
trielhyl aluminum (1 mmol/ml toluene solution) was added 
to the mixture in an amount as set forth in Table 1 . After 3 
minutes, 0.8 ml of cylopentadienyl vanadium trichloride 
(CpVCl 3 ) (0.005 mmol/ml toluene solution) was added to 
the mixture. 4 ml of triphenylcarbonium tetrakis 
(pentafluorophenyl)borate (Ph 3 CB(C 6 F 5 ) 4 ) (0.0025 mmol/ 
ml toluene solution) was then added to the mixture. The 
mixture was then subjected to polymerization at a tempera- 
ture of 40° C. for a period of time set forth in Table 1. 

After polymerization, a mixture of equal part of ethanol 
and heptane containing a small amount of 2,6-di-t-butyl-p- 
cresol was added to the product. The pressure in the auto- 
clave was then relaxed. The product was poured into ethanol 
to precipitate a polymer which was then withdrawn by 
filtration and dried. The results of polymerization are set 
forth in Tables 2 and 3. 



US 6300,450 Bl 



19 



EXAMPLES 24 TO 28 

Into a 1.5 liter autoclave in which the air within had been 
replaced by nitrogen was charged 1.0 liter of 1,3-butadiene 
through a molecular sieve. The material was then stirred. 
Subsequently, hydrogen gas was introduced into the buta- 
diene in an amount of 200 ml as determined at 20° C. and 
1 atm. by an integrating mass flow meter. Subsequently, 
triethyl aluminum (1 mmol/ml toluene solution) was added 
to the mixture in an amount as set forth in Table 8. The 
mixture was then stirred for 10 minutes. Water was then 
added to the mixture with stirring in an amount set forth in 
Table 8. After 30 minutes of stirring, 2.5 ml of cylopenta- 
dienyl vanadium trichloride (CpVCl 3 ) (0.005 mnol/ml tolu- 
ene solution) and 10 ml of triphenylcarbonium tetrakis 
(pentafluorophenyl)borate (Ph 3 CB(C 6 F 5 ) 4 ) (0.0025 mmol/ 
ml toluene solution) were added to the mixture in the order 
as set forth in Table 9. The mixture was then subjected to 
polymerization at a temperature of 40° C. for 30 minutes. 

After polymerization, a mixture of equal part of ethanol 
and heptane containing a small amount of 2,6-di-t-butyl-p- 
cresol was added to the product. The pressure in the auto- 
clave was then relaxed. The product was poured into ethanol 
to precipitate a polymer which was then withdrawn by 
nitration and dried. The results of polymerization are set 
forth in Tables 9 and 10. 

COMPARATIVE EXAMPLES 1 AND 2 

The procedure of Examples 19 to 23 was followed to 
obtain 1 liter of 1,3-butadiene having a controlled 1,3- 
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the base water content was 4 mg. This value was taken into 
account to calculate TEA/H 2 0 ratio in the following 
examples. 

EXAMPLES 19 TO 23 

Into a 1.5 liter autoclave in which the air within had been 
replaced by nitrogen was charged 1.0 liter of 1,3-butadiene 
through a molecular sieve. The material was then stirred. To 
the material was then added water as set forth in Table 8. The 
mixture was then stirred for 30 minutes to make a solution. 
Subsequently, hydrogen gas was introduced into the buta- 
diene in an amount of 200 ml as determined at 20° C. and 
1 atm. by an integrating mass flow meter. Subsequently, 15 
triethyl aluminum (1 mmol/ml toluene solution) was added 
to the mixture in an amount as set forth in Table 8. After 10 
minutes of stirring, 2.5 ml of cylopentadienyl vanadium 
trichloride (CpVCl 3 ) (0.005 mmol/ml toluene solution) and 
10 ml of triphenylcarbonium tetrakis(pentafluorophenyl) 
borate (Ph 3 CB(C 6 F 5 ) 4 ) (0.0025 mmol/ml toluene solution) 
were added to the mixture in the order as set forth in Table 
9. The mixture was then subjected to polymerization at a 
temperature of 40° C. for 30 minutes. 25 

After polymerization, a mixture of equal part of ethanol 
and heptane containing a small amount of 2,6-di-t-butyl-p- 
cresol was added to the product. The pressure in the auto- 
clave was then relaxed. The product was poured into ethanol 30 
to precipitate a polymer which was then withdrawn by 
filtration and dried. The results of polymerization are set 
forth in Tables 9 and 10. 
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butadiene content. Hydrogen gas was introduced into the 
1,3-butadiene in an amount of 200 ml as determined at 20° 
C. and 1 atm. by an integrating mass flow meter. 
Subsequently, 2.5 ml of cyclopentadienyl vanadium trichlo- 
ride (CpVCl 3 ) (0.005 mmol/ml toluene solution) and 10 ml 
of triphenylcarbonium tetrakis(pentafluorophenyl)borate 
(Ph 3 CB(C 6 F 5 ) 4 ) (0.0025 mmol/ml toluene solution) were 
added to the mixture in the order as set forth in Table 9. To 
the mixture was then added triethyl aluminum (1 mmol/ml 
toluene solution) in an amount as set forth in Table 8. After 
10 minutes of stirring, the mixture was then subjected to 
polymerization at a temperature of 40° C. for 30 minutes. 



After polymerization, a mixture of equal part of ethanol 
and heptane containing a small amount of 2,6-di-t-butyl-p- 
cresol was added to the product. The pressure in the auto- 
clave was then relaxed. The product was poured into ethanol 
to precipitate a polymer which was then withdrawn by 
filtration and dried. The results of polymerization are set 
forth in Tables 9 and 10. 



COMPARATIVE EXAMPLES 3 AND 4 



The procedure of Examples 24 to 28 was followed except 
that triethyl aluminum (1 mmol/ml toluene solution) was 
added in an amount as set forth in Table 8. After 10 minutes 
of stirring, 2.5 ml of cyclopentadienyl vanadium trichloride 
(CpVCl 3 ) (0.005 mmol/ml toluene solution) and 10 ml of 
triphenylcarbonium tetrakis(pentafluorophenyl) borate 
(Ph 3 CB(C <s F 5 ) 4 ) (0.0025 mmol/ml toluene solution) were 
added to the mixture in the order as set forth in Table 9. 
Water was then added to the mixture with stirring as set forth 
in Table 8. After 10 minutes of stirring, the mixture was then 
subjected to polymerization at a temperature of 40° C. for 30 
minutes. 



After polymerization, a mixture of equal part of ethanol 
and heptane containing a small amount of 2,6-di-t-butyl-p- 
cresol was added to the product. The pressure in the auto- 
clave was then relaxed. The product was poured into ethanol 
to precipitate a polymer which was then withdrawn by 
filtration and dried. The results of polymerization are set 
forth in Tables 9 and 10. 

TABLE 7 

U=o 



Water content 



Base water 



Reference 


Added water 


in butadiene 


content 


Example No. 


(mg) 


(ppm) 


(mg) 


1 


10 


14 


4 


2 


20 


25 


5 


3 


30 


34 


4 


4 


40 


43 


3 


5 


50 


54 


4 
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TABLE 11 



TEA/H 2 0 







Water 






(C)/(D) 


Polymeri- 






content in 




TEA 


(total 


zation 




Added water 


butadiene 


, (D) . 


(C) 


content in 


time 


Example No. 


(mg) 


(ppm) 


(mmol) 


(mmol) 


butadiene) 


(min.) 


Example 29 


6 


10 


0.55 


0.45 


0.81 


30 


Example 30 


6 


10 


0.55 


0.55 


0.99 


30 


Example 31 


6 


10 


0.55 


0.65 


1.17 


30 


Example 32 


6 


10 


0.55 


0.75 


1.35 


30 


Example 33 


6 


10 


0.55 


1.25 


2.25 


30 


Example 34 


6 


10 


0.55 


2 


3.60 


30 


Comparative Example 5 


6 


10 


0.55 


3.13 


5.64 


30 


Comparative Example 6 


6 


10 


0.55 


3.13 


5.64 


30 


Comparative Example 7 


6 


10 


0.55 


3.13 


5.64 


30 



"Base water content: 4 mg 
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Example No. Order of addition Yield (g) 



Example 29 


(D) 




(C) 




(A) 




(B) 


10S 


Example 30 


(D) 




(Q 




(A) 




(B) 


139 


Example 31 


(D) 




(C) 




(A) 




(B) 


155 


Example 32 


(D) 




(C) 




(A) 




(B) 


79 


Example 33 


(D) 




(C) 




(B) 




(A) 


34 


Example 34 


(D) 




(C) 




(A) 




(B) 


19 


Comparative 


(D) 




(Q 




(A) 




(B) 


6 


Example 5 


















Comparative 


(D) 




(C) 




(A) 


— * 


(B) 


28 


Example 6 


















Comparative 


(D) 




(C) 




(A) 




(B) 


88 



25 



30 



Example 7 



REFERENCE EXAMPLES 6 TO 10 35 

Firstly, the amount of water content present in a 1.5 liter 
autoclave was measured in accordance with the following 
procedure. 

Measurement Procedure 40 

Into a 1 .5 liter autoclave in which the air within had been 
replaced by nitrogen was charged 1.0 liter of a solution of 
300 ml of toluene, 400 ml of cis-2-butene and 300 ml (184 
g) of 1,3-butadiene through a molecular sieve. The mixture 
was then stirred. Subsequently, water was added to the 4S 
mixture as set forth in Table 13. The mixture was then stirred 
for 30 minutes to make a solution. The solution was then 
measured for water content by means of a Karl Fischer 
moisture meter. The results of water content in FB (solvent+ 
butadiene) are set forth in Table 13. 50 

The same procedure as used above was then effected with 
different amounts of water added five times in total. The base 
water content was then calculated from the difference 
between the foregoing water content in FB and the added 
amount of water averaged over five times. As a result, the 55 
base water content was 4 mg. This value was taken into 
account to calculate TEA/H 2 0 ratio in the following 
examples. 

EXAMPLES 35 TO 37 

60 

Into al.5 liter autoclave in which the air within had been 
replaced by nitrogen was charged 1.0 liter of a solution of 
300 ml of toluene, 400 ml of cis-2-butene and 300 ml (184 
g) of 1,3-butadiene through a molecular sieve. The material 
was then stirred. To the material was then added water as set 65 
forth in Table 14. The mixture was then stirred for 30 
minutes to make a solution. Subsequently, hydrogen gas was 



introduced into FB (solvent+butadiene) in an amount of 130 
ml as determined at 20° C. and 1 atm. by an integrating mass 
flow meter. Subsequently, triethyl aluminum (1 mmol/ml 
toluene solution) was added to the mixture in an amount as 
set forth in Table 14. After 10 minutes of stirring, 1.6 ml of 
cylopentadienyl vanadium trichloride (CpVCl 3 ) (0.005 
mmol/ml toluene solution) and 6.4 ml of triphenylcar- 
bonium tetrakis(pentafluorophenyl)borate (Ph 3 CB(C 6 F 5 ) 4 ) 
(0.0025 ramol/ml toluene solution) were added to the mix- 
ture in the order as set forth in Table 15. The mixture was 
then subjected to polymerization at a temperature of 60° C. 
for 30 minutes. 

After polymerization, a mixture of equal part of ethanol 
and heptane containing a small amount of 2,6-di-t-butyl-p- 
cresol was added to the product. The pressure in the auto- 
clave was then relaxed. The product was poured into ethanol 
to precipitate a polymer which was then withdrawn by 
filtration and dried. The results of polymerization are set 
forth in Tables 15 and 16. 

EXAMPLES 38 TO 42 

Into a 1.5 liter autoclave in which the air within had been 
replaced by nitrogen was charged 1.0 liter of a solution of 
300 ml of toluene, 400 ml of cis-2-butene and 300 ml (184 
g) of 1,3-butadiene through a molecular sieve. The material 
was then stirred. Subsequently, hydrogen gas was introduced 
into the butadiene in an amount of 130 ml as determined at 
20° C. and 1 atm. by an integrating mass flow meter. 
Subsequently, triethyl aluminum (1 mmol/ml toluene 
solution) was added to the mixture in an amount as set forth 
in Table 14. The mixture was then stirred for 10 minutes. 
Water was then added to the mixture with stirring in an 
amount set forth in Table 14. After 30 minutes of stirring, 1.6 
ml of cylopentadienyl vanadium trichloride (CpVCl 3 ) 
(0.005 mmol/ml toluene solution) and 6.4 ml of triphenyl- 
carbonium tetrakis(pentafluorophenyl)borate 
(Ph 3 CB(C 6 F 5 ) 4 ) (0.0025 mmol/ml toluene solution) were 
added to the mixture in the order as set forth in Table 15. The 
mixture was then subjected to polymerization at a tempera- 
ture of 60° C. for 30 minutes. 

After polymerization, a mixture of equal part of ethanol 
and heptane containing a small amount of 2,6-di-t-butyl-p- 
cresol was added to the product. The pressure in the auto- 
clave was then relaxed. The product was poured into ethanol 
to precipitate a polymer which was then withdrawn by 
filtration and dried. The results of polymerization are set 
forth in Tables 15 and 16. 

COMPARATIVE EXAMPLE 8 

Into a 1.5 liter autoclave in which the air within had been 
replaced by nitrogen were charged 1.0 liter of a solution of 
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EXAMPLES 51 TO 54 AND COMPARATIVE 

EXAMPLE 15 



TABLE 16 -continued 







Microstructure (%) 


Example No. 


M 


Cis 


Trans 


1,2- 


Example 8 










Comparative 


0.88 


87.6 


1.1 


11.3 


Example 9 










Comparative 


0.98 


87.3 


1.4 


11.3 


Example 10 
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EXAMPLES 43 TO 50 AND COMPARATIVE 
EXAMPLES 11 TO 14 

Into a 1.5 liter autoclave in which the air within had been 
replaced by nitrogen was charged 1 .0 liter of a solution of 
300 ml of toluene, 400 ml of cis-2-butene and 300 ml (184 
g) of 1,3-butadiene through a molecular sieve. The material 
was then stirred. Subsequently, to the mixture was added 
water as set forth in Table 17. The mixture was then stirred 
for 30 minutes. Hydrogen gas was then introduced into FB 
(solve nt+butadiene) in an amount of 130 ml as determined 
at 20° C. and 1 atm. by an integrating mass flow meter. 
Subsequently, triethyl aluminum (1 mmol/ml toluene 
solution) was added to the mixture in an amount as set forth 
in Table 17. The mixture was then stirred for 10 minutes. 
After 10 minutes of stirring, 1.6 ml of cylopentadienyl 
vanadium trichloride (CpVCl 3 ) (0.005 mmol/ml toluene 
solution) and 6.4 ml of triphenylcarbonium tetrakis 
(pentanuorophenyl)borate (Ph 3 CB(C 6 F 5 ) 4 ) (0.0025 mmol/ 



Into a 1.5 liter autoclave in which the air within had been 
replaced by nitrogen was charged 1.0 liter of a solution of 
300 ml of toluene, 400 ml of cis-2-butene and 300 ml (184 
g) of 1,3-butadiene through a molecular sieve. The material 
was then stirred. Hydrogen gas was then introduced into the 
material in an amount of 130 ml as determined at 20° C. and 
1 atm. by an integrating mass flow meter. Subsequently, 
triethyl aluminum (1 mmol/ml toluene solution) was added 
to the mixture in an amount as set forth in Table 17. The 
mixture was then stirred for 10 minutes. Water was then 
added to the mixture with stirring in an amount set forth in 
Table 17. After 30 minutes of stirring, 1.6 ml of cylopenta- 
dienyl vanadium trichloride (CpVCl 3 ) (0.005 mmol/ml tolu- 
ene solution) and 6.4 ml of triphenylcarbonium tetrakis 
(pentafluorophenyl)borate (Ph 3 CB(C 6 F 5 ) 4 ) (0. 0025 mmol/ 
ml toluene solution) were added to the mixture in the order 
as set forth in Table 18. The mixture was then subjected to 
polymerization at a temperature of 60° C. for 30 minutes. 

After polymerization, a mixture of equal part of ethanol 
and heptane containing a small amount of 2,6-di-t-butyl-p- 
cresol was added to the product. The pressure in the auto- 
clave was then relaxed. The product was poured into ethanol 
to precipitate a polymer which was then withdrawn by 
filtration and dried. 

The results of polymerization are set forth in Tables 18 
and 19. 
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Example No. 

Example 43 

Example 44 

Example 45 

Example 46 

Example 47 

Example 48 

Example 49 

Example 50 

Example 51 

Example 52 

Example 53 

Example 54 , 
Comparative Example 11 
Comparative Example 12 
Comparative Example 13 
Comparative Example 14 
Comparative Example 15 



*13ase water content: 4 mg 

ml toluene solution) were added to the mixture in the order 
as set forth in Table 18. The mixture was then subjected to 
polymerization at a temperature of 60° C. for 30 minutes. 

After polymerization, a mixture of equal part of ethanol 
and heptane containing a small amount of 2,6-di-t-butyl-p- 
cresol was added to the product. The pressure in the auto- 
clave was then relaxed. The product was poured into ethanol 
to precipitate a polymer which was then withdrawn by 
filtration and dried. 

The results of polymerization are set forth in Tables 18 
and 19. 



TABLE 17 



h,o o» 

Water TEA/H 2 0 (C)/(D) Polymeri- 

Added water content in TEA (C) (total amount zation time 

(mg) FB (ppm) mmol (mmol) in FB) (min.) 



18 


22 


1.22 
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0.82 


30 


16 


20 


1.11 
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0.90 


30 


14 


18 


1.00 
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1.00 


30 


10 


14 


0.78 
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1.29 


30 


8 


12 


0.67 
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1.50 


30 


36 


40 


2.22 


2 


0.90 


30 


25 


29 


1.61 
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1.24 


30 


20 


24 


1.33 
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1.50 


30 


16 


20 


1.11 
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0.90 


30 


14 


18 


1.00 
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1.00 


30 


10 


14 


0.78 
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1.29 


30 
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12 


0.67 
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1.50 


30 
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0.44 
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2.25 


30 


68 


72 


4.00 
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0.50 


30 


10.4 


14.4 


0.80 
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2.50 


30 
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13 


0.72 


2 


2.77 


30 


3.2 


7.2 


0.40 
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2.50 


30 
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Example No. 


Order of addition 






Yield (g) 


Example 43 


(D) -* (C) -* (A) 




(B) 


89 


Example 44 


(D) - (C) - (A) 




(B) 


121 


Example 45 


(D) (C) (A) 




(B) 


126 


Example 46 


(D) -* (C) -» (A) 




(B) 


107 


Example 47 


(D) -* (O - (A) 




(B) 


94 


Example 48 


(D) -* (C) -* (A) 




(B) 


95 


Example 49 


(D) -* (C) -* (A) 




(B) 
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TABLE 21 





Yield 




Microstructure (%) 


Example No. 


(g) 




Cis 


Trans 


1.2- 


Example 55 


77 


2.07 


88.0 


1.3 


10.7 


Example 56 


86 


2.12 


88.0 


1.3 


10.7 


Example 57 


75 


1.98 


88.1 


1.2 


10.7 


Example 58 


84 


2.13 


88.0 


1.3 


10.7 


Example 59 


79 


2.26 


88.0 


1.3 


10.7 


Example 60 


65 


2.03 


88.1 


1.3 


10.7 


Example 61 


78 


2.00 


87.9 


1.3 


10.8 


Example 62 


68 


1.91 


87.9 


1.3 


10.8 


Comparative 


56 


1.86 


87.9 


1.2 


10.9 


Example 16 












Comparative 


53 


1.59 


87.7 


1.4 


10.9 


Example 17 












Comparative 
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1.24 
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1.2 
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As has been mentioned above, the present invention 20 
provides a process for the production of a conjugated diene 
polymer having a controlled microstructure at a high poly- 
merization activity in the presence of a metallocene type 
complex of compound of transition metal of the group V of 
the Periodic Table. The present invention also provides a 2 s 
process for the production of a polybutadiene having a 
microstructure comprising a high cis-structure having 1,2- 
structure properly incorporated therein and hence little trans- 
structure at a high activity. The present invention further 
provides a polybutadiene having a microstructure compris- 30 
ing a high cis-structure having 1,2 -structure properly incor- 
porated therein and hence little trans-structure and a high 
linearity. 

While the invention has been described in detail and with 
reference to specific embodiments thereof, it will be appar- 35 
ent to one skilled in the art that various changes and 
modifications can be made therein without departing from 
the spirit and scope thereof. 

What is claimed is: 

1. A process for the preparation of a conjugated diene 40 
polymer, which comprises polymerizing a conjugated diene 
compound in the presence of a catalyst comprising (A) a 
metallocene complex of a transition metal of the group V of 
the Periodic Tablet, (B) an ionic compound of a non- 
coordinating anion and a cation, (C) an organic metal 45 
compound of an element of the groups I to III of the Periodic 
Table and (D) water, wherein the molar ratio of (C)/(D) is 
from 0.7:1 to 1.5:1. 

2. The process for the preparation of a conjugated diene 
polymer according to claim 1, wherein said metallocene 50 
complex of a transition metal of the group V of the Periodic 
table (A) is a compound represented by the following 
general formula: 

RMX 3 .L fl 55 

wherein R represents a cyclopentadienyl group, a substituted 
cyclopentadienyl group, an indenyl group, a substituted 
indenyl group, a fluorenyl group or a substituted fluorenyl 
group; M represents a compound of the group V transition 6Q 
metal; X represents a hydrogen atom, a halogen atom, a 
C1-20 hydrocarbon group, an alkoxyl group or an amino 
group; L represents a Lewis base; and a represents 0, 1 or 2. 
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3. The process for the preparation of a conjugated diene 
polymer according to claim 1, wherein said metallocene 
complex of a transition metal of the group V of the Periodic 
table (A) is a compound represented by the following 
general formula: 

RM.L a 

wherein R represents a cyclopentadienyl group, a substituted 
cyclopentadienyl group, an indenyl group, a substituted 
indenyl group, a fluorenyl group or a substituted fluorenyl 
group; M represents a compound of the group V transition 
metal; L represents a Lewis base; and a represents 0, 1 or 2. 

4. The process for the preparation of a conjugated diene 
polymer according to claim 1, wherein said transition metal 
of the group V of the Periodic table is vanadium. 

5. The process for the preparation of a conjugated diene 
polymer according to claim 1, wherein said element of the 
groups I to III of the Periodic table is aluminum. 

6. The process for the preparation of a conjugated diene 
polymer according to claim 1, wherein the polymerization of 
a conjugated diene compound is effected in the presence of 
hydrogen. 

7. The process for the preparation of a conjugated diene 
polymer according to claim 1, wherein the polymerization of 
a conjugated diene compound is carried out by bulk poly- 
merization. 

8. The process for the preparation of a conjugated diene 
polymer according to claim 1, wherein the polymerization of 
a conjugated diene compound is effected in an aromatic 
compound as a solvent. 

9. The process for the preparation of a conjugated diene 
polymer according to claim 1, wherein the polymerization of 
a conjugated diene compound is effected in an aliphatic 
compound as a solvent. 

10. The process for the preparation of a conjugated diene 
polymer according to claim 1, wherein the polymerization of 
a conjugated diene compound is effected in 2-butene as a 
solvent. 

11. The process for the preparation of a conjugated diene 
polymer according to claim 1, wherein said conjugated 
diene compound is a conjugated diene compound mainly 
composed of butadiene. 

12. The process for the preparation of a conjugated diene 
polymer acc rding to claim 1, wherein said organic metal 
compound of the groups I to III of the Periodic table (C) and 
said water (D) have previously been allowed to come in 
contact with e ch other. 

13. The process for the preparation of a conjugated diene 
polymer according to claim 1, wherein the polymerization is 
preceded by the contact with a catalyst component at a 
temperature of not higher than 40° C. for 1 to 60 minutes. 

14. The process for the preparation of a conjugated diene 
polymer according to claim 1, wherein within 30 minutes 
after contacting (C) said organic metal compound of the 
groups I to III of the periodic table with (D) said water, other 
catalyst components are added to the mixture. 

15. The process for the preparation of a conjugated diene 
polymer according to claim 1, wherein the organic metal 
compound is selected from the group consisting of triethyl 
aluminum and triisobutyl aluminum. 
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The present invention provides a process for the 

production of a conjugated diene polymer having a 

controlled microstructure at a high polymerization 

activity in the presence of a metallocene type 

complex of compound of transition metal of the 

group V of the Periodic Table. A novel catalyst 

is provided comprising (A) a metallocene type 

complex of a transition metal of the group V of 

the Periodic Table, (B) an ionic compound of a 

non -co or d i n a t i ng anion and a cation, (C) an 
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organic metal 
(D) water, whe 



compound of the groups I to III and 
rein the molar ratio of (C)/(D) is 



from 0.66 to 5, A novel process for the 
production of a conjugated diene polymer is also 
provided, which comprises the polymerization of a 
conjugated diene compound in the presence of a 
catalyst comprising (A) a metal locene type complex 
of a transition metal of the group V of the 
Periodic Table, (B) an ionic compound of a 
non-coordinating anion and a cation, (C) an 
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organic metal compound of the groups I to III and 
(D) water, wherein the molar ratio of (C)/(D) is 
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~ $L 4b (=.¥&¥ ^ fc&m. & ~ ** 4t ) ft * — *. *b ( 1 , 3 - * 
(jl¥^¥^*&;SO*1/& — & ) ft * — !L 4b Bp ^ ft * — it 
4b(2-¥^BP;g-)ft - ~&4b(2-=.¥;&.¥^*£:&.gp&)ft > 
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&R n MX 3 . n (NR' ) 4t 7F 4L 4b ^ 4fc 3l # £ 4?-J & # — 4b *t /£ — 
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L is - =. |L 4b 48 


=. 3£ 1 ^ » 




itb 








4Mb ^ 4fe £ 4fc *J 




-ft 










4b T & m - $L 4b — 


¥ I iS - a 4b — Z, 1 iS - 




4b 








iS A — H 4b Zj & £g 


' ^ A 4b * 4ft 4 4b ^ # 




& 


4b — 


z, 




is R. A 4b 4£ 4- & 


is • 










m 


jfc 4SKC) ^ it *! * I 




4 b 




4fe t 






=t-&#4ftiS4b^4fr 


o 




4^ 








/£^(C)4L:£4ftiS4b'^4fc4L4$5t4*J & ^ 




iS 








iS - & iS =- 


* T 1 is > # 4ft is M 4b #7 






4b ~ 


f 




4S - H 4b — ^ IS 


- *L4b4&-£Z,£.iS,Sl— IL 


-ft 




& is 






4b # 4ft iS 4b ^ #7 


H 4b J=. Z, | is Bl A 4b 4£ > 






iS - 











M ^ & ( C ) > # -sr 4*. ffl <s *fc ° as* ^ is . ^ 

ft&jifa&ih&fo&m&%\S-te&ffif l fT'&& • is Df ^ ^ 4H 

a^*it^(-Al(R')0-) n ^^^^isnf^ , ^.jf^isPf 

R' *. ^C,., 0 ^ & 4l #J & # f ^ > ^ & > S & & I T i ° 

^ ifct ^Ci_ 10 ft^tnft^«^f^-s.6^ - is m & m. & *L 
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2- " (23) 

^^*^(a)4l^-4| ^ m *k & %t n & & # $t ( b ) ^ & -7- it 

& *k %r tb -fi ^ 1 : 0 . 1 5-1:10 » £t^l;0.2ll:5 « 

l£.Ill%k7t-ik3L%tfk&M 4b & $7 g Jf: tb & 1 : 0 . 1 J. 

1:1000 • H^^1:10J.1:1000 • #^^1:105.1:500 • 

ft * & tit ( C ) 4l # * A 4t^4fc*h#&#4&-(D)4L#.4L£ 
Jf fct Js, 0 . 6 6 ^ 5 > Jtft*0.7£1.5^ft*fl.8£1.5 • 

t j-x t 6 ^ ^ ^ a o 

& m » t • $ & • w * ^ ( c ) *7 ^ «t + • $ 

ft. a * i» ;& ( A ) & # ( B ) % ^ #7 t • 

n ^ # ^ ^ #u jg, ^ ^ t • & u % m m 

& & & ( B ) jjv ^ % ^ $7 t ■ 

f g ^ + ' ^^^^^4fc^^4b^#>#-f£^"3;^Jk 
^t Jo A • 4fc ^ ^ 4^ & — ^ 4b #T # It *P f£ jja <K • 

#i£4£W«^4frTI**^J!Ltt#&lfe*fl^j&>ftSt<£ • 




% 30 I 



5- > &Wf£ty (24) 

3- A — *2-Z,&-l,3-T — *fr -2,3-— 7&T~*fr * 2- 
T&/X^i* * 4- 7 & /£ ^ £.2, 4- e. — - 

*$-2 > H- T - # - e, - 1 a 4- *fr 

— ^ — *5-#Z,**-2-l**tf 5- 
ft ) ° 

^ - 35. ^ * • >^ & ^ fift ft » 4l frj & # # * >®. -kP 

' fli *f 3& *£ & %Z SL m. E* *fc ' « *» 1 - T - JflC s£ 

- 2 - T <J# A & ^ - 2 - T ' m. » m *> 3$ to m - : M- #] Z> ffi & 

;s to > A ft 4b *f ^ #] |t, f o 'Tffl ^ 

^ « #1 • 

* # IB t ' *P -ft. # ' «. ffl * 16 — # ^ & ^ #1 ^ # 

i£ 3S. ffl # » « f - £> - jft 5$, - 2 - 

T#fr^&^,-2-TJ*4Lj&^4fr* ffl ^ f'l & & ° 

h * m. i£500 * £ * M. jfti2 ff- 4t20 °C atm. > £te 
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2. * (25) 



&*^i&50 3g;£ J 3 1 3< 1 *>l£i&1.2ff-4E.20 o CAl a t m . • ft 
^0.005J.20^^^^0.000lJ.0.48ff^20°C^l atm. ° 



^^iSL^fe#:^-100 o C^-120 o C ' H^^-50°CJ-120 
°C ' ft % - 5 0 °C S. 1 0 0 °C ' 3fc * « *t 4fe * 2 it 1 2 * 
' -fi ^ 1 0 it 5- 1 2 * . #t -*10^#^6'J^ . # 

— .ft ft ;fc b£ fill • -t- . jt 

*i^#*iA«^jL^^ • .Jifr # • 3£ ^ ft t ^ # # 
2fc • ^ttl*t^t4S*»iSttA^i • 




^ t ^7 4 



^.3 0% • &<&&5JL25X > Jtte&5J.20% • # <& &7 £.15% • 
J« ^,-l,4-#^^i ^65 5.95X • 3£te^70 3.95% • & ik & 

4.5% ' #4fe&0.5.S.4.0X4L&T— *fc ° 

- #■ 4t © -fe m # ® # flK#fei£>!& • 
# ffi # ft '\ &t ' 3S. & Ab ft ^ ^ ■ ^ *»J ^ ¥ #7 

& *h -f- #r • 



*4**-#^4l^^* . * # hSe. 3 0 'C f t m SH Jt 4l 
ffc & [ 77]&0.1.£204l&T-=-*$-'*J"&£l • 

# & # ^ 4fr f HGP C ftl 5t f jp- *4j ^^4^10,000 5. 

4, 000, 0 0 0 4l ^ T ~ • 
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2- - &WtLW (26) 



W m M A ^ T — t% m ^T cp /ML 1+4 fct *2 5-6 ' 



1+4 



ftft*2.5I5 ' *t^lOO°CTT cp ^f 'ML 



'1+4 



n JL $h & 



^#b^^t — **^.T^.*?&4ft-St(T cp )*20i500 - fete 
4,30 5.350 • 



# B £ & T — 



H JE. *fc &(ML 1+4 ) -$10 5.20 0 » «L & * 



20 5.100 



h£ 3 o °c f ^ t am £ 



is 



# # £ ( 7? ) 1 1 % 0 . 1 5. 1 0 • t4^0.1£5 • 

& $ & t — ^ 4S. te *T ffl # & 3£ c ^ «r ^ at 



*S 1 5.60 ^ 4 



-fe j^i ^gr ^sa- 



* * % A 



A * 



it ^ * m # 



* ^ n a *a 



& ^ PJJ it t * i& 6 0 0 ^ 4ft ' ^t^^^^Si^l20^i 



it * 3 0 5. 1 2 0 



«^B^ ' & %k % I & & & >fi & y% -\±. Tf * 



* & & * $ #M0 °C • Jft *- 1 00 °C 5.40 °C - it 



» ^ «;w 



-so °c 5.40 °c t a* tik&ifrft& T ^ 

A * _L i£ # £ H, ffl ^ . t ^ ^ t ^ t t 'li T 
& • itb ^h- • & ^ ^ & & b# ^ e 54 ' & j& « # fl « ° 

^ 3¥t ^ ' & d& # "«r # - t^^^JH^^ii 

te*&^lg^m^^£-3&~;Hj> • 2 0 °C & 1 a t m . 





» 33 I 



i - (27) 

i^500*^^^^^^12ff • # #J >£. 2 0 t .8. 1 atm. T 
0. 005 J.20 * £ Jf- 3&0. 00 0 1 5.0. 48 ff- • 

if ^i|-#«T^It^jt^ • is & * #r ft. * 'J ■ 

^ t — t$ ^ m. *l # & # #x ^ & & & it & ^ . # -r 

^ > * T — «f 4L«t *l ^C-l, 4- * «|-fc740 cm" 1 ■ M 

&^,-1,4-##^^e.967 cm" 1 A*H,2-,%#^911 cm" 1 T I ^ 
»&&>£^tb ft ° 

IW^^^-4^^4itf# • m Mw/Mn 4l tb • £ t Mw & 

^ ^ 4fc ^ n js, m & ( ML 1+4 ) % m. ®L J I S K 6 3 0 o m Jt • 

at ^ 4fc ^ f >& #4 &(T cp ) ft # ^ #2. 28 g & 4fr ^50 

bI f * t ' 36. ^25 °C T a ^JIS Z 8809 ft #JE.# 

f ^|g#Canon Fe nske *fe & ft No . 400 ^^^^?^ f 
?fc 1t 3fc Jt £'J j£ ffn &>J ^ • 
1t frj 1 5 14 

^4 0 0 ml (24 8 g ) 1 , 3 - T — *ft «. A- 1 . 5 fh & j§* H ft ( * t 
*-£&&IL&Jf*.'ft) • & & « «fr 4fe ° & ft. ft ?K ( H 2 0 ) ija a. 
*f t ' *>*Ujp • »«<fr4fc«#30a-«4fcj£** • Pit 
ft > a 2 0 t A 1 a t m . T H ^ ^ f t >7H ^ ft ^ 4l2 0 0 ml 

& 48 ( 1 * & /m 1 f 3£ ) ' a. & ^ t • 3 ^ 4ft ft ■ ft 
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i ' titWiSLW (28) 

0.8 ml = |Lft4l*-* *H(CpVCl 3 )(0. 0 0 5 £ * JJVml f £ 
#1) ^ >& ^ & t ° $ ft J»4 ml=.^^^E9#](5-lL^. 
*)^S&J£(Ph 3 CB(C 6 F 5 ) 4 )(0.0025ci;g^/ml ^ 
% ^ $7 t • ft ft ^ fa & 40 °C T ^ fa %. & - 4Sl at- « » *» * 

^ ft ' W # ffr ^ M «t 42, 6-i-«i.T**^»4:Z, 





H 2 0(D) 


TEA (C) 


TEA/H2O 
(C)/(D) 










1 


0.12 


0.28 


2.33 


30 


2 


0.12 


0.3 


2.50 


30 


3 


0.12 


0.34 


2.83 


30 1 


4 


0.12 


0.36 


3.00 


30 


5 


0.29 


0.46 


1.59 


30 


6 


0.29 


0.48 


1.66 


25 


7 


0.29 


0.5 


1.72 


30 


8 


0.29 


0.54 


1.86 


30 


9 


0.4 


0.6 


1.50 


25 


10 


0.4 


0.66 


1.65 


30 


11 


0.4 


0.74 


1.85 


30 


12 


0.68 


0.82 


1.21 


30 


12 


0.68 


0.84 


1.24 


30 


I 14 


0.68 


0.86 


1.26 


30 I 
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&*HtLW (29) 







^£14 


(s) 


(g/*IP?.V.h.) 


i 


37.8 


18,900 


2 


62.9 


31,450 


3 


50.1 


25,050 


4 


33.0 


16,500 


5 


24.0 


12,000 


6 


75.9 


45,540 


7 


53.6 


26,800 


8 


44.5 


22,250 


9 


74.7 


44,820 


10 


69.4 


34,700 


11 


59.5 


29,750 


12 


46.1 


23,050 


13 


64.5 


32,250 1 


14 

1 .. , . — , . 


58.5 


29,250 | 
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2- » &*Hf£ (31) 

it M 1 5 J- 1 8 

3 0 0 ml f ^400 jnlJK5£-2-T**A300 ml (186 
g ) 1 , 3 - T — & 1 . 5 *|- « H * ( £■ t ^ £ ft & ft H 
^ ) • & ft ^ f& HL #7 - «i t#*(H 2 0)*»A >& • *» 

* 4 flf ^ - & % ^ ^7 * # 3 0 it # j& ^ " fit ft ' -fr 20 
°C atm. T # £ ^ f * flfc. tf ^ 4^1 30 raUf f 11 

4/inl f ^il^)^Aa^|i t » 3 ^ 4t & ' $r 1 . 6 ml f ^ 
— #*4t(*.)Al(CpY(C 6 H 6 ))(0.005**'^/ml f );&a ^ 

( Ph 3 CB ( C 6 F 5 ) 4 ) ( 0 . 0 0 2 5 * ^4/ml f **ifc);&a^i&<^4fr 
t • «i ft * ^ 4fr °C T ^ ^fe & ^3 0 ^ it • 

* & ft ' m & & % %l §r2, §- ~- % 3L t & n & m 

3i ° ^ 1 i A 6 S| t « flu iRt 35. ^ ' & ft £- ft H ifi ft & 



4 





H 2 0 (D) 


TEA (C) 


TEA/H 2 0 
(C)/(D) 










15 


1.0 


2.0 


2.0 


30 


16 


1.3 


2.0 


1.5 


30 


17 


1.6 


2.0 


1.3 


30 


18 


1.5 


3.0 


2.0 


30 
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(32) 







(s) 


15 


52.5 


16 


46.7 


17 


38.4 


18 


47.9 



6 





[?7] 








1,2- 


15 


1.62 


87.9 


1.4 


10.7 


16 


1.54 


88.0 


1.3 


10.7 


17 


1.38 


87.7 


1.4 


10.9 


18 


1.52 


88.0 


1.3 


10.7 



4- *t frl 1 £-5 

" ) # #L 4& T ?'J $L # ftj £ - 

jj jg. ^ 

t s a & & *L ft $L ft ) • . & $. ft # #7 ft- • # # # * ^ A. * 7 



i > (33) 

^f^^felf t • & ft ^ % ^ #7 # 3 0 ^ 4ft # & & «. ° *K & 
fflKarl Fischer ja^.tt«5l^>&>&4L*.^4: • T-J$ t i 

* tf £ & ^ 4 • #*&**^4<M mg • fli m it it 
tf % T * #J t ^TEA/H 2 0 tb # o 

* n 1 9 J. 2 3 

t^^H^UlL^^) • & ft. ^ 4fe ft • *S ft ^ * a. 4& 

«■ t ' *» *8 /9f • # % ^ fa n. #30 ^ 4ft # j& >£ • fit 

ft > a ^20 °C J3l\ atm. T #$ * ^ f * >7fc % % f ml 5t ^200 ml 

^ ^ 4/ml f ^^?&) ^ A?a^ ^ t • J* # 1 0 ^ 4ft 
ft • 4$ 2. 5 m 1 J= a 4b 3& & — 4ft(.CpVCl 3 )(0. 00 5 * g ^ 
/ml f ml jl 3£ & H i a 3£ S)(Ph 3 

CB(C 6 F 5 ) 4 ) «| H. ft (0. 0025 * ^ /ml 

^ t • ^9 fifi tf • ^ ft % ^ #7 ^40 t T t ?U -^30 ft 
4ft • 

Sf^l^ta^i^Alifet " $ ft U* & M H ^ ts W 

& • m a fa at a. ^ m- t « stc * & > & ft * ft # i& & & 

f; fo] 2 4 J. 2 8 
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i ' &WtSLW (34) 

mi. 0 fhl , 3 - T ~ It * ft & ^ 1 . 5 & JE II 1*3 ( % 

t^sa^ia^^) • m & xt f& & m- • si ft > « * 2 o °c 

atm. T # & f i rt. tf m ^-^200 mUf f 

/ml f t • & ft » % ^" ^ * # 1 0 ^ 4t • 

m ft ' «*8/9f7F^4W*.*»^«,^^7it*# • ft # 3 0 ^ 
« ft ' W2. 5 ml =. It 4b ^ A — M(CpVCl 3 )(0. 0 0 5 * £ 
/ml f A10 ml 3^ ^ m & H 

(Ph 3 CB(C 6 F 5 ) 4 )( 0. 0 0 2 5 ^ % 4/ml f*.*»)*f^*i^»^ 
*t ' *»*8^tf • & ft. % ^ #7 -&40 °CTf ?fe^^30^ 
44 ° 

^Jt^^a^-ft^Ai* t - JSR ft >f€F & ^ if ft « ft ff ° 
fch & #j 1 S. 2 

as 1T -Wl 9 ^.23 4l ^ T #1 *h * # tiE f <J 1 , 3- T — * ^ 
4 3- T — m • -MO °C Al atm. T H ^ ^ f 4 «SL *& *t 
ftl £ 4L20 0 ml^.*^ILIL^^l,3-T — *fc f*J • # ' # 
2.5 ml =. a 4b 3£ /X — * £n(CpVCl 3 )(0. 0 0 5 * H ^/ml f 

$l ) A 1 0 ml ^&)^St^ 
(Ph 3 CB(C 6 F 5 ) 4 )( 0. 0 0 2 5 * % f/nl 

t • * 9 #r i£ • m ft ' u^8«r7F4L*^=.^4|.ls(l$ 
*^/nlT^**)*'A!£^^t • ft # 1 0 ^ it ft ' «. 4fe 




* 41 H 



175938 



2- * %r a Bf;LW (35) 

-&40 t T f ife & £-30 

# ft - ^Ititf2,6- 

& ^ *fc ^ % ^ & ^ ^ m. & t - m ft m & s n ft a ^ # at • 

^ 1 # i A L g| t J-X ^ % * ^ $7 ' JRft£Jii&&ifclSJ<&& 

fcb #j_3 J. 4 

Rfc T w *8 ^ ^ ^ i ^ a = ^ & 4S ( 1 ^ J£ f /ml 7 * * 
>&) « ^ • «. /ft * #J24 5-28 ^ a ^ - It #10 ^ 4ft ft • ^2.5 
ml =. 1Mb 41 # — ^ &l(CpVCl 3 ) (0. 005 ^ ^ f ^ 

(0.0025*£^/nlf£*>&)#/£;&o^j&^4fr + . *o * 9 ff\ 

■fc • & ft ^ #. ^7 ^ % 4fc & ft # . *» ^ 8 /9f 7F • # # 1 0 # 

4ft ft • S& £* 4fc 4 0 °C T it & & 3 0 4ft • 

3£ ^ ft ' f f f^^ ^ 12, 6- ^- | ^.T&m^&JLZ, $$ 
$k Jk'ltil fa ifa - f |Ilf^I^#^ - jKl«) 

& £> g£ jja 31 m. & ^ ' # i& it i& EJ A It ^ 4i # 

^ ^9 .SL 1 0 • 

7 







H 2 0 












(mg) 


(ppm) 


(mg) 


i 


10 


14 


4 


2 


20 


25 


5 


-i 
j 


30 


34 


4 


4 


40 


43 


3 


5 


50 


54 


4 
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i - &WtSLW (36) 



8 









H 2 0(D) 


TEA(C) 


TEA/ H 2 0 (C)/(D) 




(mg) 


(ppm) 








KM 19 


26 


30 


1.66 


2 


1.20 


30 


KM 20 


36 


40 


2.22 


2 


0.90 


30 


KM 21 


20 


24 


1.33 


2 


1.50 


30 


KM 22 


14 


18 


1.00 


2 


2.00 


30 


KM 23 


36 


40 


2.22 


2 


0.90 


30 


KM 24 


26 


30 


1.66 


2 


1.20 


30 


KM 25 


36 


24 


2.22 


2 


0.90 


30 


KM 26 


20 


18 


1.33 


2 


1.50 


30 


KM 27 


14 


40 


1.00 


2 


2.00 


30 


KM 28 


36 


24 


2.22 


2 


0.90 


30 


fchgtM 1 


20 


24 


1.33 


2 


1.50 


30 


tmm 2 


20 


24 


1.33 


2 


1.50 


30 


fch^M 3 


20 


24 


1.33 


2 


1.50 


30 


fchigtM 4 


20 


24 


1.33 


2 


1.50 


30 



2fc 7jc ^ M. :4 mg 
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i » %r*fti$Lty (37) 



nmmm. 






KM 19 


(D)-(C)-(A)-(B) 


168 


KM 20 


(D)-(C)-(A)-(B) 


134 


KM 21 


(D)-(C)-(A)->(B) 


106 


KM 22 


(D)-(C)-(A)->(B) 


88 


KM 23 


(D)-(C)-(B)->(A) 


121 


KM 24 


(C)-(D)-(A)-(B) 


186 


KM 25 


(C)-*(D)— (A>-*(B) 


152 


KM 26 


(Q-(D>-(A)-(B) 


118 


KM 27 


(C)-(D)-*(A)-KB) 


96 


KM 28 


(C)-(D)-*(B)-*(A) 


138 


fcbiSM l 


(D)-(A)-»(B)-(C) 


5 


ttXffl 2 


(D)-(B)->(A)-(C) 


2 


thttM 3 


(C)-(A)-(B)-(D) 


4 




(C)-(B)-(A)-(D) 


9 
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i ' Mtfcafl (38) m 10 

















1 2- 


KM 19 


2.71 


87.6 


1.3 


11.1 


KM 20 


2.18 


87.7 


1.2 


11.1 


KM 2 1 


1.85 


87.7 


1.2 


10.9 


KM 22 


1.57 


87.4 


1.4 


11.2 


KM 23 


1.98 


87.5 


1.6 


10.9 1 


KM 24 


2.96 


87.2 


1.4 


11.4 1 


KM 25 


2.41 


87.7 


1.1 


11.2 


KM 26 


1.95 


87.8 


1.4 


10.8 


KM 27 


1.71 


87.5 


1.3 


11.2 


KM 28 


2.16 


87.8 


1.3 


10.9 


tb^M l 


0.7 


87.7 


1.2 


11.1 


tb^M 2 


0.62 








tb^M 3 


0.43 


87.4 


1.3 


11.3 


tmm 4 


0.52 









t- M 2 9 JL34 frj 5 



£ * ft & 3t ft ) ° $h %l $fo ¥t • fe| ft ' H ^- iio A $J 

# - *» * 1 1 m ° i»«.^4fe*#303'4fc • W 2 0 

°C £.1 atm. T # £ ^ f * /7H *>r tf #J ^ 4^2 0 0 in 1 ^ # ^ & It 
^ ^ HL & $o t - lH ft ' J-X * 1 1 m tf 4 ' m =- ^ & £S ( 1 £ 

#H. 6 ml^&^bm/fc — ;*$ft(CpVClg)(0.005*&Jr/iniT 
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-S. ' &WtSLty (39) 

(Ph 3 CB(C 6 F 5 ) 4 )( 0. 0 0 2 5 ^ £ 4/ml f*.**)*?**!^*^ 
to ' * 1 2 /*/f 7F ° >l.^#i^40t Tt ^^^30^# - 

& & ' Jff If^itf 2, 6 - ~ - $ =. T & *}" Sfr 4l 0 

$7 & l, m t « >^ m %. & to > m & & & & ® & & $t m • 

fcb & M 6 

E£ 7 -fc ft 2. 5 ml H 4b *f j=- *fc *&(CpVCl 3 )(0. 0 0 5 * * 
f -S.10 ml = ^ & ^ ^ E9 {@ ( i Il^L^)-^ §£ 

*(Ph 3 CB(C 6 F 5 ) 4 )( 0. 0 0 2 5 * 31 ^/ml * - 4fc ffi 

tb*t*-J54L3R^^^ • ^ ^ # ^ 4t 1 2 ° 

fcb -foj 7 

Rfr T -fit J8 5 ml =. a 4b 3% *$ &t ( Cp VC 1 3 ) ( 0 . 0 0 5 $ ^ ^ 

/ml f & j& ) ^ 2 0 ml=.%L&.$Lffiva<m(3-&%L&.)m'S!Lat 
(Ph 3 CB(C e F 5 ) 4 )( 0. 00 2 5 * * Jf /ml f * «t) W ^ • J& fct 
*lfrJ5^.*#$^ - & ^ ^ & ^ * 1 2 ° 




* 46 1 



i * &ty?LW (40) 



11 





2/OA 


J -j^^f^ 


H 2 0(D) 


TEA (C) 


TEA/ H 2 0 (C)/(D) 




(mg) 


(ppm) 








(«M^) 






mm M m -T"_ ~ . r — __ 

KM 29 


6 


10 


0.55 


0.45 


0.81 


30 


KM 30 


6 


10 


0.55 


0.55 


0.99 


30 


KM 3 1 


6 


10 


0.55 


0.65 


1.17 


30 


KM 32 


6 


10 


0.55 


0.75 


1.35 


30 


KM 33 


6 


10 


0.55 


1.25 


2.25 


30 


KM 34 


6 


10 


0.55 


2 


3.60 


30 


tts»M 5 


6 


10 


0.55 


3.13 


5.64 


30 


tfc^M 6 


6 


10 


0.55 


3.13 


5.64 


30 


fct^M 7 


6 


10 


0.55 


3.13 


5.64 


30 


*S ^: tR ^ M :4 mg 


: 12 







j^(g) 


KM 29 


(C)— > ( A)— > (B ) 


108 


KM 30 


(D)— (C)— (A)— (B) 


139 


KM 3 1 


(D)-(C)^(A)— (B) 


155 


KM 32 


(D)-KQ-KA)-*(B) 


79 


KM 33 


(D)->(C)-(B)-(A) 


34 


KM 34 


(D)->(C)-*(A)-(B) 


19 


tmm 5 


(D)-(C)-(A)-(B) 


6 


tmm 6 


(D)-(C)-(A)-(B) 


28 


tmm 7 


(D)— (C)-*(A)-(B) 


88 



i * (41) 

foJ 6 J. 1 0 

-g- & ' 1 . 5 ff- & a IS 1*3 4l 7 Jc ^ * # 4jt T a* m. m £ - 

gj ;t jg. # 

1 . 0 fh 4l 3 0 0 ml ? 3£ - 4 0 0 mlJKs£-2-T**&300 ml 
(184 g) 1,3-T — #^**.||fc^^ft&^1.5f|-ftiR8l 
^(^t^SailLl/itJIift) • * # % ^ 4ft • # ^ - jff #. 
do ^ ^ 4ft t • *a * 1 3 m 7F - fSL & 4ft it # 3 0 « # j& j& 
>£ ° *'J ffl Kar 1 F i scher m. & tf ^ * 4l ^> * • FB( jg- 

t ^ #• ^ * H i =fc ^ ^ ^ ^ 7 jc * flj ^ £ * tf % * 4^ * 

^ 4 ° ^ • & * 7jc ^ i: % 4 mg • JR it A tf % T ?'J ^ 
#J ^TEA/H 2 0 fcb • 
» jgj 3 5 jL 3 7 

1 . 0 4l 3 0 0 ml f 3£ ^ 4 0 0 mim^-2-T^^300 ml 
(184 g) 1,3-T — ##&^^|$j£A.1.5ff&Mil(£t^ 

£ a * H H m * -ft ) *H & * 4ft # • Bt & ' $F * ^ 4ft 
m- ' *» * 1 4 rtf tf • #>&-^4ft##30a*4ft#/&j&>& • W ^ 2 0 
°C iU atm. T#4£<^ff*>JfL«&1frjWJt4Ll30 ml 4: i ^ A a 
^ & 4ft t - fit & ' a *14/*f ft > ft j= ^ £g ( l $ 

f ^^^) a?I,^|j t - « # 1 0 3* 4ft & - iff 
1.6 ml = 4FL(CpYCl 3 )( 0. 005^^^/mlf^ 

6 . 4 mlii;£^^iira<fi§(i^;£;&)^g£Jt 

(Ph 3 CB(C 6 F 5 ) 4 )( 0. 0 0 2 5 * * JR/ml ¥ ;£ 2£ ?£ ) 4£ # do ^ >>t 




* 48 I 



L « &WiSLW (42) 

#7 ' -to & 1 5 m ^ • % ^ $7 ^ 6 0 °C T ^ *fe & ^3 0 



^ m ii # a*. - iff 



4fcife>^Z.i*tJa$ft3?t#^4& • J» ft ft s& ft 1=7 3fc ^ 



1 . 0 *f- 4l3 0 0 ml f ^ * 400 mlJ>!&s$,-2-T*$&300 ml 
(184 g) 1,3-T — ;l*ft*^-^ft&^1.5*hfc* 



£ & & It H /*/r 3*- -ft ) • $ ft flfc ^ *t • a. ft ' « >fc 2 0 °C it 1 



atm. T 



ft jE'J ^^130 ml^fjjfl.a^AT 



/b1 f ***)*>Ail^* t •4t?&^^«#10^4* 




#1.6 ml =. a lb — *$ &L(CpVCl 3 ) ( 0. 005 £ £ ^/ml ? 

(Ph 3 CB(C 6 F 5 ) 4 )( 0. 00 2 5 * *f/nl f 



it & ft ' Jff##^4ft*2 1 6-:=.-JfS:=T&.**;fcBfr*-Z* 
& 4^ % ^ %j to ^ J. Ifa t • # f& J: H^M^7#^t • 

^jfeALSj t WSt)RiK4-* ' $ft&fti&ftE7«!fcJ£.*t» 

fcb & frj 8 

1. 0 fh 4L3 0 0 ml f 3£ * 40 0 ml^^,-2-T^^300 ml 




(184 g) 1, 3- T - 



^1. 5 fh & J£ ^(it^^lL^llft 





* 49 I 



-5. " (43) 

m & 40 • & ft * «& 4fe *J4 ° « -&2 0 °C Al atm. T H £ ^ ff 

ft an tt *r %: ^_ 1 3 o m i ^ 4 a a a. & m m t • a. ft • 

« *15 ^ 7F 4: i . iff_=L£,;£.#g(l$g Jp/ml f ^ >&) jjo A. 

t ° iff % ^ $7 * # 1 0 ^ « ft. ' #1.6 m 1 J= & 4t /X 
~ *fc $L(CpVCl 3 ) (0. 0 0 5 4 g /ml f £ ». >£) >frn A. % >^ & 

t • & ft iff 6 . 4 ml=.^.&^SL^Eg'0(i|L^&)' i ffl«tft 
(Ph 3 CB(C 6 F 5 ) 4 )( 0. 0 0 2 5 * g /ml f 3£ >& ) *i a. & & & - 
J»;#.aoA.j2L^4fc&fl6# ' *i * 1 4 #f . & & m $L & to $t # 
30^# - ^ #7 6 0 °C T & ^ 3 0 3- 3t • 

«. ^ ft ' iff # ^ ^ « * 2, 6- — - % j= t & *r %. m ^ z> m 

**^^j£^^*,Ai«it. ' & • iff £ 

& & Z, m * U STl ^ ^ #7 • ft £■ # it & S7 »& it Jfc m ° 
fch & 9 & 1 0 

4fc/&5f# , J35.£37 4Lj£/f # 1 ff- * # * ^ ft 4iFB • 

«*20 t A'l atm. T # 45 f * >ft 4» tt %*j ^ 1 3 0 m 1 ^ * 
Jff&IL^AFB t • Fit ft ' iff 1.6 mli=iL4b3&/£.=-*frai 
(CpVCl 3 )(0.005 ^^^/mlf^:>gi^)^6.4 ml = ^^^^ 
w «(\2. *L # ^ «fc ft(Ph,CB(C 6 F 5 ) 4 )( 0. 0 0 2 5 * £ ^/ml f 

^ * ^ ) & # A. ^ ' *» £ 1 5 ^/f - W 4fc 1 4 m 7F ft 

10#4tft«^^4&<gt60°CTlt«fcfc'^30^4ii" 

& ^ ft ' »#^-£*t*2,6-— -».= T£.**#.fifr*.Z.fl$ 

Al^i t ° iff^Jl^4L^^7#^ • iff J. 




* 50 H 
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3. - &WtLW (44) 

^ ;i a l si t ^ at t ^ ' m * n ^ * ei & it *t # 

13 





H 2 0 






fb zp&k-^m. 






(nig) 


(ppm) 


(mg) 


6 


10 


14 


4 


7 


20 


25 


5 


8 


30 


34 


4 


9 


40 


43 


3 


10 


50 


54 


4 



14 



mwm. 


H 2 0 


TEA (C) 


TEA/ H 2 0 (C)/(D) 
FB tf^SMt 




7j^(mg) 


FB 4j£>Jc 
-E^ifc(ppm) 




KM 35 


20 


24 


1.33 


2 


1.50 


30 


KM 36 


14 


18 


1.00 


2 


2.00 


30 


KM 37 


20 


24 


1.33 


2 


1.50 


30 


KM 38 


20 


24 




2 


1.50 


30 


KM 39 


14 


18 


1.00 


2 


2.00 


30 


KM 40 


10.4 


14.4 


0.80 


2 


2.50 


30 


KM 41 


44 


48 


2.66 


4 


1.50 


30 


KM 42 


32 


36 


2.00 


4 


2.00 


30 


ikWffl 8 


20 


24 


1 .j j 


2 


1.50 


30 


fch^M 9 


20 


24 


I .j j 


2 


1.50 


30 


t\MM io 


20 


24 


1 .J J 


2 


1.50 


30 



2fc Tjc ^ S : 4 m g 
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HtWOLW (45) 



15 



16 







— ^^ (6) — 


WW) 35 


(D)-*(C)^(A)^(B) 


90 


Mm 36 


(D)-*(C)-*(A)^(B) 


77 


WW] 3 7 


(D)^(C)-*(B)-*(A) 


40 


JCWl 38 


(C)^(D)^(A)^(B) 


110 


KWl 39 


(C)^(D)^(A)-^(B) 


93 


Ht^lf 40 




79 


*M41 


(C)-(D)->(A)-(B) 


75 




(C)-(D)^(A)-(B) 


67 


fcb»J 8 


(C>-*(A)-(B)^(D) 


2 


fcbsWJ 9 


(D)-(B>->(A)-KC) 


4 


fcblSM io 


(D)-(A)-(B)^(C) 


9 
















[77] 






1,2- 


WJ35 


2.01 


87.4 


1.5 


11.1 


1 H^IJ 36 


1.98 


87.7 


1.3 


11 


ttm 37 


1.24 


87.9 


1.2 


10.9 


K#!|38 


2.89 


87.7 


1.4 


11 


39 


2.35 


87.7 


1.3 


10.9 


IWffl 40 


1.96 


87.5 


1.4 


11.1 


*M41 


1.98 


87.7 


1.3 


11 


*M42 


1.8 


87.8 


1.4 


10.8 


tb^M 8 


0.74 


87.6 


1.2 


11.2 


tb^J 9 


0.88 


87.6 


1.1 


11.3 


fcbWJ io 


0.98 


87.3 


1.4 


11.3 | 





% 52 1 



jl > ^tmtstm (46) 

1 . 0 *h 4l3 0 0 m 1 f ^ 4 0 0 ml « ^-2- T i|^300 ml 
(184 g) 1,3-T — ##*fr^tf|t/wl.5*hJlfc« 
£ILifefL&/9r3<.40 • & & 4t tfr 4*7 tf- ■ fit ft • y^iio ^ 

atm. T # ^ ^ f * /Tri *!? tf ;t ^ 1 3 0 mUf f ili^A 
FB(^^J+T — ) + • fit ft ' « * 1 7 /9f * • ffr J= Z, & 

&(1 4 ^ ^f/ml f^**)*rAa^^t • W % 4fc * # 1 0 
$~ M ■ h9e. « # 1 0 4ft It • # 1 . 6 m 1 X a 4b /£ *fr ft. 
(CpVCl 3 )( 0. 0 0 5 $^4/il f ^^^)^6.4 ml %L & *&ffi 
w#Kia^^)^g^^(Ph 3 CB(C 6 F 5 ) 4 )(0.0025^^^/ml f 

*afc&^30 3*4ft - 

*. ^ ft ' If f. t i t i 2, 6 - ^ - $ £ T L # 

&&;&4Li&^4$7;&o^£4&* • ill • # £ 

4fr & ^ S£ t ia >z ML 3£ & 4*7 • & ft £■ ft i& aft EJ .£ It # • 

» fr] 5 1 £ 5 4 & fcb fe 1 5 

1. 0 ft- ^3 0 0 ml f ^ 4 00 ml;«Ks£-2-T*fc&300 ml 
(184 g) 1 , 3 - T — ##*^fdii*Al.5fHfcg g(*ti 
£*L*fL*Lm#.<ft) • i* ft * * 4fe 44 ■ ft ' ^ * 2 0 °C 1 
atm. T ft & t f: >ft % it ft| & 4l130 raUif |||a 4fc 
44 t • fit ft • U * 1 7 /9f Tfr 4L 4 • W =_ 2, & 4S ( 1 £ g ^/ m 1 

f^»«t)AoA.«t^4fct • )» « 4fc it # 1 0 ^ 4ft ft > £, m 




% 53 I 



i » ti-tytfLW (47) 

#3 0 3*4t& ' #1.6 ml iL a 4b m J% -=- * #&( CpVC 1 3 ) ( 0 . 0 05 
t * Jf/ml ¥ ;£ #Q A6. 4 il = |||) 
^ It(Ph 3 CB(C 6 F 5 ) 4 ) ( 0. 0 0 2 5 ^ II Jf/ml f*.*>ft)#^*i 
^ >Td ^ . Ad 4t 1 8 m • % ^ 4*7 6 0 °C T * 3fc & ^3 0 ^ 

#7 jfe ^ t « STL JSSI * & • j&H & & # i& ft EJ & M. & m • 
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i - &Wf£ a B (49) 



18 







j^(g) 


43 


(D)-KC)-KA)-*(B) 

XX XX XX XX 


89 


•#IJ44 


(D)-*(C)^(A)-^(B) 

XX XX XX XX 


121 


SfM45 


(D)— (C)-*(A)-*(B) 

NX NX NX NX 


126 


^!I46 


(D)-*(C)^(A)-^(B) 

NX NX NX NX 


107 


SJ^ 


(D)->(C)-^(A)-^(B) 

NX NX NX NX 


94 


mm 48 


(D>-*(C)-KA)-*(B) 

NX NX NX NX 


95 


*M49 


(D)->(C)^(A)^(B) 

NX NX NX NX 


101 


W#[|50 


(D)-KC)^(A)^(B) 

XX XX XX XX 


88 




(C)^(D)-*(A)->(B) 

X ^ XX XX XX 


104 




(C)-(D)->(A)-(B) 


135 


*M 53 


(C)->(D)-(A)-*(B) 


126 


WM54 


(C)-(D)-(A)-»(B) 


93 


fcb&M 1 1 


(D)-(C)-*(A)-(B) 


30 


fcbitM 12 


(D)-(C)-(A)->(B) 


0 


fcbS£#!l 13 


(D)-(C)-(A)-~(B) 


40 


tb^M 14 


(D)-(C)-*(A)->(B) 


36 


tb WJ 1 5 


(C)->(D)-(A)-(B) 


55 



i - ^rmttm (50) 



19 





[7?] 




w 






MLi +4 




Tcp+MLi+4 










1 2- 
i,z.- 




km 43 


2.22 


87 7 


1 4 


1 0 Q 


30 


81 


2.7 


KM 44 


3.53 


87 8 


1 4 


1 \J. O 








KM 45 


3.59 


87 4 




1 I 








KM 46 


2.98 


87 8 


1 4 

1 .*T 


1 0 R 


68 


320 


4.7 


KM 47 


2.3 


87 6 




1 1 1 

11.1 


34 


105 




3.1 


KM 48 


2.46 


87 5 


1 4 


1 1 1 

11.1 


42 


140 


3.3 


KM 49 


2.8 


87 5 


1 . -J 


1 1 
1 1 


60 


230 


3.8 


KM 50 


1.98 


87 7 


1 1 


1 1 
1 1 


22 


58 


2.6 


KM 51 


2.99 


87.5 


1.5 


11 


70 


330 


4.7 


KM 52 


3.6 


87.6 


1.4 


11 








KM 53 


2.54 


87^6 


1.3 


11.1 


43 


143 


3.3 


KM 54 


2.32 


87.7 


1.5 


10.8 


35 


105 


3.0 


ftKM 1 1 


0.68 


87.6 


1.3 


11.1 








tbgtMi2 
















tt^M 13 


1.6 


87.6 


1.5 


10.9 








it^M 14 


1.54 


87.8 


1.4 


10.9 








\m.m 1 5 


1.88 


87.8 

■ 


1.3 


10.9 









475938 



3 



/to 



S>#9I*U>1 (51) 

» frj 5 5 J. 5 7 

^300 ml^^^,-400 mlJ^^,-2-T^JL300 mlT^-^ 

4fc • #• ^ • ft #. ( H 2 0 ) ^ «l ^ ^ t ' & 2 0 #f 7F 
^4fcft#30^#t • 4l 2 0 °C it 1 a t m . TH&^tiSfot&tt 
*J ^ 4L 1 5 0 m 1 ^ i f i II I- A a ^ - f& tiL ■ J»2 m 1 4l 

ff=-&4t^/&^^M(CpVCl 3 )^¥;£*;g:j£A4 ml Jl ^ 
^W'fliI(iL|t^L^)^iim(Ph3CB(C 6 F 5 ) 4 )^f ^ «. 4£ # do 



W - 4° ^ 2 0 #r tf • 4:1 
S. ^30 ^ 



* ^ 4t ^ & 5. 6 0 °C ■ jR & * 



%. & ' ft ^2, 6- — - $=.T^Sf"^-S^^6Sf^fA^^. 



& & « # jl & m o ^ >^ #j ^ it ^ ^ ^ ^ o ^ ^ ^ ^ ^ 7F 

it s. 6 0 

Rfr T TO fa ACp VC l 3 ,&Ph 3 CB ( C 6 F 5 ) 4 a ^ - 4fc & ^ #455 5. 
5 7 ^ 55. ^ # 0 



& ^ & 2 1 - • 



y foJ61 ^62 

fife- T as p h 3 C B ( C 6 F 5 ) 4 A C p V C 1 3 2fe ft ^ ;£ & *L fa ^ « 
*b ' 4fc flft ^ 5 5 S. 5 7 4l £ ^ & • X & & 3k &2\ • 

fch 1 6 -S. 1 8 




* 58 1 



175938 



35- - &*nisi*n (52) 

m & & « ?h ' 4£ - B 3 ^ #4 5 5 J. 6 2 4l %l & m # • 3£ & m 7F 



20 





TEA 


H 2 0 


TEA/H 2 0 




===== 1| 




mmol 


mmol 








*#'J 55 


2 


1.33 


1.50 


7JC-* TEA— > V-*B 


1 


»M 56 


2 


1.33 


1.50 


zK-^ TEA V ^ B 


5 


KM 57 


2 


1.33 


1.50 


7jc-* TEA — » V -* B 


20 


58 


2 


1.33 


1.50 


7R-> TEA -*(V,B) 


1 


W#!f59 


2 


1.33 


1.50 


TEA ^(V,B) 


5 


WJ 60 


2 


1.33 


1.50 


7&-* TEA ->(V,B) 


20 


KM 61 


2 


1.33 


1.50 


Tic-* TEA -* B -» V 


1 


KM 62 


2 


1.33 


1.50 


7R-* TEA — »• B — »• V 


5 


fcfaR09 16 


2 


1.33 


1.50 


7jc-> TEA — > V -> B 


0 


t\M.m 17 


2 


1.33 


1.50 


7f<^ TEA -^(V,B) 


0 


fctWfl 18 


2 


1.33 


1.50 


7jc-> TEA ^ B -* V 


0 




% 59 I 



i * (53) 



21 







(g) 


r r> 1 






i — * la. 


1,2- 




tM55 


"7*7 


2.07 


88.0 


1.3 


10.7 


ftW 56 


oo 


2.12 


88.0 


1.3 


10.7 




•—f C 

75 


1.98 


88.1 


1.2 


10.7 






O A 

84 


2.13 


88.0 


1.3 


10.7 






79 


2.26 


88.0 


1.3 


10.7 








88.1 


1.3 


10.7 


KM 61 


78 


2.00 


87.9 


1.3 


10.8 




r#ii62 


68 


1.91 


87.9 


1.3 


10.8 




KM 16 


56 


1.86 


87.9 


1.2 


10.9 


fcb 


KM 17 


53 


1.59 


87.7 


1.4 


10.9 


fcb: 


KM 18 


26 


1.24 


87.9 


1.2 


10.9 



^i£*#^i&£;faA.l,2-&#4L & m A & ft & ^ T 

l| ^ & ^ ^ £1 ^ ^ M 35. T ^ it i * • ^#b^X 

sfc & ^ ^ a ^ 4^ 3*. * ft # idL > & & jtb .& # ^ t 
•^b^ ^ ^ ^ ^e, 




^fi^t#H6® ^ * 4t 4- 3£ JSfc I 




* 60 1 
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87119271 



*7 n '7 fcsz 



i . - m m m ' & & ■ 

its^-ft^-^-fb^^: 



RMX 



a 



life Si5^ - ;MV*i§til 



X & a # -f- - £ 4i -f- ^ 
dr <& ; a & 0 » 1 sfc 2 ; 



C,. 20 « & > *L & 4c m MllL & 

3Hr 



RM 



!. 





m 

'"•at-. 



&tR^3t;£ — ' ^ -ft s& — *fr A * 35 



•tfjf/ ( B ) & ^ # S& Ml |£ 




£t> 6a - 




'i 1^ ^ # f I & # : E9 ( £ & ) ^ A > 

^. & ) ^ H. - A ^ E9(.5.*L#.;&)fl!|BfcA - E9 ( E9 & f & j£ 

) ^ S£ H - ra(3,5--^=.|Lf^^:^.)^filLA * ( f ^ 
& ) ^ S& A v w ( — ¥ :£ & ) 6& A - =.^^.(i^^L&)^ 
S£ A > ft 3£ & ) ( 1:1) t f - -2.+ J5.4b4&-7,8- — 

e. + — ^ s£ A - rafL^s&A^^lt^M&A^^gl ; t* # 






O:\56V56004.ptc 



* 1 I 



2000. 11. 16. 061 



5!fe 87119271 



a 



m iSL m m -f- -ft $ g & # : <l M 1^ - JR. £§ 1^ <§£ -f- - « «r 

i^r # -y- ^ # si ; 

(c) m. m & ?t % m & M it & to ' 

£- it ill & 4b - % tfk £$- lb & to > % %k£< 

^t(C)/(D)^^^tb^,0.66J.5 • 

2. *4|tt1tJ|.#||£ffl#l3**./W*ft ' £-tt£i&#j£V;*£i§ 
S ^ I ^ ^ • 

3 . ft tit t ffr * *»J |£ ® % 1 5 ^ $g & » * t tt « *J 4t I - 1 I I 

7G ^7 IS ° 

4. -feMtik & — $L&toz.ir& • * a^^ftiHf «j 






* 




0 
















5. 


ft 


tit 






* *l ia SI 


#4 ^ - 








> 




t 






~ #Mb 


$7 41 & 


^^ffl^fL#^.Tite 


o 




6. 


ft 


* 




tf 


* *»] IS @ 


$4 an , 








> 
o 




t 


if. 




— 'fb & 


to ^ %. 


ft m # it *t *■ * & ^ 


ft 




7. 


ft 


tit 


* 




* *'J IE E 










t 




t 


* 




— *Mb ^ 


to & 






4b 






t 


it 




o 










8. 


ft 




t 


* 

* 


* *»l is m 


$4 * * 


^ £1 # 4& — tffi & & to i 




* 




* 


t 




4e 


— *Mb 


4L 3& 


& ft m # * # & « #j ^ 







O:\56V56004.ptc 



121 



2000.11.16. 062 



175938 



$Sfc 87119271 



>1 



a 



4b & & t it ° -. ■ 

9. ft 4* f 1* *'J 3£ ffl #43i*_*L##*i6~;Hfr&^4&*L3r 

10. ft 4* t tfr * #1 l£ ffl %4m^Mffi&fc~-)$fc&to^Jr 

— *f 4b 4fe • 

11. 4a 44t t tfr -*-#'] & ffi 9 1 0 # 4l jR. ft A & ~ *fc * ^ 4^7 ^ 

*(D) e»^^s.# t« • 

12. ft 4* * «fr * *'J •!£ ffl «10^4l*L«**6^^»^^4l 
2r & . * + tt(C)/(D)4L*JFfcb*0.7il.5 • 

13. ft*t«-**J|£ffl^l0^4L$L^**6J=.*t*^^4L 

&«4*/fc#-4£m5-60^4i • 

14. ft4&tt£-£#'Jle.S!#10:»fi4L&ft&$&~ 

3" ' *t4A*te-**^*^T-i*tl,2-tt4^ 
x, - jffi ^ - 1 , 4 - m ft JSl Sl A - 1 , 4 - & & JpL it 4^ ^ * #j 

«. *fc &(T CP ) «■ H Ifc JL(Mooney viscosity) 1 0 0 °C T 
(ML 1+4 ) *l fcb <f-J(T cp /ML 1+4 ) &2 5.6 • 






